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Chapter I

INTRODUCTION

1.1 SCOPE OF THE REPORT

The present report summarizes investigations carried out by the

authors during the years 1973-1976 on the propagation of low frequency

pressure disturbances under Air Force Contract No. F19628-74-C-0065

with the Air Force Cambridge Research Laboratories, Bedford, Massachusetts.

The study performed was theoretical in nature.

The central topic of this study was the generation and propagation

of infrasonic waves in the atmosphere. The principal emphasis was on

waves from man made nuclear explosions although certain aspects of the

atudy pertain to waves generated by natural phenomena including, in

particular, severe weather.

Specific topics considered during the study include the following:

1.) The adaptation of the computer program INFRASONIC WAVEFORMS to

include leaking modes and to improve its accuracy in synthesizing early

long period arrivals. (INFRASONIC WAVEFORMS is a digital computer program

for the prediction of pressure signatures as would be detected at large

horizontal distances following the detonation of a nuclear device in the

atmosphere. The original version of this program was developed by Pierce
1

and Posey under a previous Air Force Contract [F19628-67-C-0217].) The

developed theory for this adaptation has already been explained2 in

Scientific Report No. 1 of the present contract; the present report

describes the numerical implementation of this theory (Chapter III),

and gives some specific numerical examples. The complete current version

of INFRASONIC WAVEFORMS is included here as Appendix A.

2.) The development of a ray acoustic model for the synthesis of higher

frequency portions of infrasonic waveforms. The theory developed during



-7-

this study is given3  in some detail in Scientific Report No. 2 and a

discussion of this phase of the work is accordingly not repeated here.

3.) The modification of the multi-modal synthesis method to avoid

truncation of upper limits on frequency integration. The method develop-

ed is presented here in Chapter IV and represents an extension of the

W.K.B.J. technique to the case when the atmosphere has two sound channels.

The resulting theory clarifies the problem of selection of modes for in-

clusion into the synthesis and leads to a relatively simple method for

revising the synthesis program. (This revision, however, has not yet

been carried out.)

4.) Study of infrasonic waveform synthesis for propagation near and past

the antipodes. The method for doing this was briefly mentioned in the
4

1973 AFCRL report (pages 25 and 26) by Pierce, Moo, and Posey . In

Chapter V of the present report the theory underlying this is given and

some numerical examples are given.

In Chapter II, we list all of the reports, papers, and theses which

were written during the course of this study. The abstracts given there

plus the abstract of the present report should be considered as a compre-

hensive summary of the accomplishments during the contracting period. In

subsequent chapters of the present report, detailed discussions are given

of some of the topics described above. In Chapter VI, some recommenda-

tions are made for future work in the field.

1.2 BACKGROUND OF THE REPORT

The general topics of infrasound propagation, generation, and

detection have been of considerable interest to a large segment of the

scientific community for some time. A published bibliography (the

existence of which allows us to omit extensive citations here) lists
C 5[Thomas, Pierce, Flinn, and Craine, 1971] over 600 titles, most of which

are directly concerned with infrasound. Literature pertaining to the

infrasonic detection of nuclear explosions constitutes a considerable

portion of these. Earlier work by Rayleigh [1890]6, Lamb [1908,1910]
7

8 910
G. I. Taylor [1929,1936]8 , Pekeris [1939,1938] 9, and Scorer [1950]1
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among others, which was concerned wih waves from the Krakatoa eruption

[Symond, 1888111 and from the great Siberian meteorite [Wlipple, 1930112

is also directly applicable to the understanding and interpretation of

nuclear explosion waves.

The present report thus merely summarizes a continuation of a small

number of facets of a lengthy pattern of research which has been carried

on by a large number of investigators in the past. In a more restricted

sense, the work reported here represents a continuation of work done in

three previous studies performed under contract for Air Force Cambridge

Research Laboratories. The first of these was Air Force Contract No.

AF19(628)-3891 with Avco Corporation during 1964-1966; the second was

Air Force Contract No. AF19628-67-C-0217 with ti Massachusetts Institute

of Technology during 1967-1969, the third was AF19628-70-C-0008 (also

with M.I.T) during 1970-1972. Summaries of the earlier work may be found

in the appropriate final reports by Pierce and Moo [1967] 13, by Pierce
4and Posey [1970]1 , and by Pierce, Moo, and Posey [1973]

One of the principal results of the first two aforementioned pre-

vious contracts was a computer program INFRASONIC WAVEFORMS; the deck

listing of the then current version of which is given in the report by

Pierce and Posey [197011. This program enables one to compute the pres-

sure waveform at a distant point following the detonation of a nuclear

explosion in the atmosphere. The primary limitation on theprogram's

applicability to realistic situations is that the atmosphere is assumed

to be perfectly stratified. However, the temperature and wind profiles

may be arbitrarily specified. The general theory underlying this pro-

gram is somewhat similar to that developed by Harkrider [1964] 1 but differs

from his in that it incorporates jaikground winds and in that it has a

different source model for a nuclear explosion.

.7 .1
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Chapter II

PAPERS, THESES AND REPORTS

The following gives author, title, and abstract of papers, theses, and

reports written during the course of this project.

2.1 A. D. Pierce, "Theory of Infrasound Generated by Explosions,"

Colloque International sur les Infra-Sons, Proceedings (Centre National

de la Recherche Scientifique (CNRS) 15, quai Anatole France, 75700 Paris,

September, 1973).

A review is given of recent studies by the author and his colleagues

on infrasound generation by explosions and the subsequent propagation

through the atmosphere. These studies include (i) development of

computer programs for the prediction of pressure signatures at large

distances from nuclear explosions, (ii) development of an alternative

approximate model for waveform synthesis based on Lamb's edge mode,

(iii) development of a geometrical acoustics' theory incorporating

nonlinear effects, dispersion, and wave distortion at caustics, and

(iv) theoretical models for the mechanisms of wave generation by

explosions. The basic theory is briefly outliued in each case and

some of the more significant results are explained in terms of

simplified physical models. Such results include the predicted

dependence of far field waveforms on energy yield and burst height,

suggested techniques for estimating energy yield from waveforms,

and an explanation of amplitude anomalies in terms of focusing and

defocusing of horizontal ray paths.

2.2 W. A. Kinney, C. Y. Kapper, and A. D. Pierce, "Acoustic Gravity

Wave Propagation Post the Antipode," J. Acoust. Soc. Amer. 55, S75 (A)

(1974).

The previous theoretical formulations and numerical computations

of pressure waveforms (such as described by Harkrider, Pierce, and

Posey, and others) apply only to atmospheric traveling waves which

have traveled less than 1/2 the distance around the earth. In the

T ~ - __ -----
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present paper, a technique resembling that previously introduced

by Brune, Nafe, and Alsop [Bull. Seismol. Soc. Am. 51, 247-257

(1961)] for elastic surface waves on the earth is discussed and

applIed to the acoustic-gravity wave propagation past the antipode

problem. The principal modification to the older theory is a

shift in phase of /2 to the Fourier transform of the wave after

it has traveled over halfway round the globe from the source. The

source of the wave is presumed to be a nuclear explosion of given

energy E. Numerically synthesized waveforms of antipodal arrivals

are exhibited and compared with those for direct arrivals. The

necessary modifications to the Lambmode model theory of Pierce and

Posey [GCophys. J. Roy. Astron. Soc. 26, 341-368 (1971)] are also

described.

2.3 C. Y. Kapper, "Leaky Infrasonic Guided Waves in the Atmosphere,"

J. Acoust. Soc. Amer. 56, S2 (A) (1974).

Prior theoretical formulations and computational techniques for

the prediction of pressure waveforms generated by large explosions

in the atmosphere have considered only fully ducted modes. In the

present paper, a technique for including weakly leaking guided

modes in concert with fully ducted modes is developed. Modification

of previous theory includes the extension of the boundary condition

at the upper halfspace to include a complex horizontal wavenumber.

The major alterations to the computer program Infrasonic Waveforms

(as described in report by Pierce and Posey, 1970) incurred consist

of the computation of the imaginary part of the newly incorporated

complex wavenumber, extension of the normal-mode dispersion function

to lower frequencies, and a second-order correction factor to the

phase velocity.

2.4 W. A. Kinney, "Asymptotic High-Frequency Behavior of Guided Infrasonic

Modes in the Atmosphere," J. Acoust. Soc. Amer. 56, S2 (A) (1974).

Refinement of previous theoretical formulations and numerical compu-

tations of pressure waveforms as applied to atmospheric traveling

infrasonic waves could include a description of their asymptotic

behavior at high frequencies. In the present paper, calculations based

on the W.K.B.J. approximation and similar to those introduced by

_________________________



Haskell [J. Appl. Phys. 22, 157-167 (1951)) are performed to describe

the asymptotic behavior of infrasonic guided modes as generated

by a nuclear explosion in the atmosphere. The results of these cal-

culations are then matched onto numerical solutions which have been

given by Harkrider, Pierce and Posey, and others. It is demonstrated

that the use of these asymptotic formulas in conjunction with a

computer program which syuthesizes infrasonic pressure waveforms

has enabled the elimination of problems associated with high-

frequency truncation of numerical integration over frequency. In

this way, small spurious high-frequency oscillations in the computer

solutions have been avoided.

2.5 C. Y. Kapper, Computational Techniques in Infrasound Waveform Synthesis,

M. S. Thesis, School of Mechanical Engineering, Georgia Institute of Technology

(December, 1974).

This thesis is concerned with two major theoretical and programming

modifications to the digital computer program INFRASONIC WAVEFORMS

for the synthesization of acoustic-gravity pressure waveforms generat-

ed by large explosions in the atmosphere. The first modification

involves the extension of the guided mode approximation for pressure

waveforms in the atmosphere into leaking mode regions and a conse-

quent search for the imaginary part of the complex horizontal wave

number. Particular results include a plot of phase velocity versus

angular frequency showing the extension of the normal mode dispersion

function into a leaky mode regiun for a multilayer atmosphere and a

report on the search for the imaginary part of the complex horizontal

wave number of a leaky mode for a two layer atmosphere. The second

modification involves the extension of the systhesis of acoustic-

gravity pressure waveforms to distances beyond the antipode. A

' .phase shift is noted for waves passing through the antipode and

a comparison of pre and post antipodal waveforms is presented.

2.6 W. A. Kinney, A. D. Pierce, and C. Y. Kapper, "Atmospheric Acoustic

Gravity Modes Near and Below Low Frequency Cutoff Imposed by Upper Boundary

Conditions," J. Acoust. Soc. Amer. 58, Sl (A) (1975).

Perturbation techniques are described for the computation of the

imaginary part of the horizontal wavenumber (kI ) for modes of
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propagation. Numerical studies were carried out for a model

atmosphere terminated by a constant sound-speed (478 m/sec) half

space above an altitude of 125 km. The GR0 and GRI modes have

lower-frequency cutoffs. It was found that for frequencies less

than 0.0125 rad/sec, the GR1 mode has com2lex phase velocity; kI

varying from near zero up to a maximum of 3 X 10- 4 km- I with

analogous results for the GR0 mode. There is an extremely small

frequency gap for each mode for which no poles in the complex k

plane corresponding to that mode exist. These mark the transition

from undamped propagation to damped propagation. In the complete

Fourier synthesis, branch line contributions compensate for the

absence of poles in these gaps. Computational procedures are

described which facilitate the inclusion of the low-frequency

portions of these modes in the waveform sysnthesis.

2.7 A. D. Pierce, and W. A. Kinney, Atmospheric Acoustic Gravity Modes

at Frequencies Near and Below Low Frequency Cutoff Imposed by Upper

Boundary Conditions, Report AFCRL-TR-75-0639, Air Force Cambridge Research

Laboratories, Hanstom AFB, Mass. (March, 1976).

Perturbation techniques are described for the computation of the

imaginary part of the horizontal wavenumber (k1 ) for modes o' pro-

pagation. Numerical studies were carried out for a model atmosphere

terminated by a constant sound-speed (478 m/sec) half space above

an altitude of 125 km. The GR0 and GR modes have lower-frequency

cutoffs. It was found that for frequencies less than 0.0125 rad/sec,

the GR1 mode has complex p-ase velocity; kI varying from near zero

up to a maximum of 3 X 16-1 km-1 with analogous results for the GR0

mode. There is an extremely small frequency gap for each mode for

which no poles in the complex k plane corresponding to that mode exist.

These mark the transition from undamped propagation to damped propa-

gation. In the complete Fourier synthesis, branch line contributions

compensate for the absence of poles in these gaps. Computational

procedures are described which facilitate the inclusion of the low-

frequency portions of these modes in the waveform sysnthesis.

2.8 A. D. Pierce, and W. A. Kinney, Geometric Acoustics Techniques in

Far Field Infrasonic Waveform Synthesis, Report AFGL-TR-76-0055, Air
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Force Cambridge Research Laboratories, Hanscom AFB, Mass. (1976).

A ray acoustic computational model for the prediction of long

range infrasound propagation in the atmosphere is described.

A cubic spline technique is used to approximate the sound speed

versus height profile when values of sound speed are input for

discrete height intervals. Techniques for finding ray paths,

travel times, ray tirning points, and rays connecting source and

receiver are described. A parameter characterizing the spreading

of adjacent rays (or ray tube area) is defined and methods for its

computation are given. A method of determining the number of times

a given ray touches a caustic is also described. Formulas are given

for the computation of acoustic amplitudes and waveforms which

involve a superposition of contributions from individual rays

connecting source and receiver and which incorporate phase shifts

at caustics. The possibility of a receiver being in the proximity

3f a caustic is considered in some detail and distinction is made

between cases where the receiver is on the illuminated or shadow

sides of a caustic. It is shown that a knowledge of parameters

characterizing two rays at a point in the vicinity of a caustic

provides sufficient information concerning the caustic to allow

one to give a relatively accurate description of the acoustic field

in its vicinity. The resulting theory involves Airy functions and

uses concepts extrapolated from a theory published in 1951 by

Haskell. The net result is a detailed computational scheme which

should accurately cover the contingency of the receiver being near

a caustic in the calculation of amplitudes and waveforms. A number

of FORTRAN subroutines illustrating the method are given in an

appendix. Limitations of the theory and suggestions for future

developments are also given.

S
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Chapter III

NUMERICAL SYNTHESIS OF WAVEFORMS

INCLUDING LEAKING MODES

3.1 INTRODUCTION

The computer program INFRASONIC WAVEFORMS has been modified to

allow inclusion of the contribution at low frequencies from leaking

modes (specifically the GR0 and GR1 modes) to numerically synthesized

infrasonic pressure waveforms. The procedure incorporated in this

modification involves a partly manual calculation of the imaginary and

real parts of the horizontal wavenumber, kI and kR, respectively) as

* discussed in Scientific Report No. 1. That calculation is outlined

in more detail here. The numbers presented for illustration are appro-

priate to the case of observations at 15,000 km distance from a 50

megaton explosion, where the explosion is at 3 km altitude, and where

the atmosphere is assumed to contain no winds. (This restriction is just

for illustrative purposes, but is not a limitation on the method.)

3.2 CALCULATION OF COMPLEX WAVENUMBERS

The first step in the calculation is to obtain values for the phase
velocities vn(W) , Va () , and vb(w) for the GR0 and GR modes, and to

obtain values for the elements Rll(w,v) and Rl2 (w,v) of the transmission

matrix [R]. These calculations should be done, in particular, for all

frequencies extending below the mode's nominal lower cutoff frequency.

As mentioned in the previous report 2 , RII and RI2 depend on the atmos-

pheric properties only in the altitude range 0 to zT (the bottom of the

upper halfspace), and these are independent of what is assumed for the

upper halfspace. Also, v (w) is the phase velocity for a given (n-th)n

mode for values of w greater than the lower cutoff frequency wL; here

va () and vb( ) are values of the phase velocity w/k at which the functions
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R and RI2, respectively, vanish. For a given mode, the values of v

and vb chosen are those from the curves vaW and vb(w) which lie the

closest of all such curves to the curve v (w) for w>wL

As regards the calculation of R11 and R12' the computer program

INFRASONIC WAVEFORMS may be used, only with an alternate version of the

subroutine TABLE. A copy of subroutine TABLE with the appropriate

modifications incorporated and indicated is given in Appendix B. A

deck listing of all of the input data that is required to obtain RII

and R1 2, and that is appropriate to the running example, follows in

Fig. 1. Values for R and RI2 need only be calculated for phase

velocities between, say, 143 and 0.3318 km/sec, and for frequencies

between 0.001 rad/sec (as close to zero as would seem necessary and

corresponding to a period of 6,283 sec or 1.75 hr) and the value of B

for the upper halfspace (.0128 rad/sec in our numerical example). In

the calculations reported here, the upper frequency was taken as .031

rad/sec in order to confirm the continuity of the dispersion curves.

A sample portion of the printout of R and R1 2 corresponding to the

model atmosphere of Fig. 2 is given in Fig. 3 . The same set of out-

put from a computer run which lists the R and RI2 also includes the

vn (w) for the GR0 and GR1 modes.

Values of va () and vb( ) for these modes are obtained by two

successive runs of INFRASONIC WAVEFORMS using in sequence two modified

versions of the subroutine NMDFN. These modifications are so minor

that the deck listing is omitted and we describe here the nature of

the modifications.

To obtain v (w), one need only change the third from end execut-
a

able FORTRAN statement of subroutine NMDFN from

FPP - RPP(I,1)*A(1,2) - RPP(l,2)*(GU + A(1,1)) (3.1)

to

FPP = RPP(l,l). (3.2)



$NAI41 NSTART1,p NPPNTh1, NPNQ{=-l, NCVPL-1 $END

-1 $NAIM2 IMIAX=24,
ZI=1. 12. ,4.,6. 8. ,10* ,12o 114o 116t 918@ 120. j259 930. 135@ 140o 14S.,#55o.

65. ,75. ,85. ,95. ,105. 415.p:25.,

T=292. ,288. ,270. ,260. ,249. ,236. ,225. ,215. ,205. ,198. ,205. ,215. ,227.,

237. ,249. ,265. ,260. ,240. ,205. ,185. ,184. ,200. 250. ,400. ,70.,

LANGLE=1,

WINDY=25*0.0,

$END

$NAN,4

THEMK =35.,

JVI= 0.143, V2 =0.3318,
041. 0.001p O12 =0.031,

NOUI 30, NVPI = 80,

MAXMOD = 10
$END

$NAt1 NSTART=6$ NPPNT=1, NPNGU=- 1, NQG1PL=- 1 $END

Figure 1. Listing of input data required to generate tabulations ofR
and R versus phase velocity and angular frequency in the
vicin~y of the dispe~rsion curves for the GR and G modes.
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150

'100

50

260 340 420 500

SOUND SPEED (m/sec)

Figure 2. Kodel atmosphere showing sound speed versus altitude for numer-
ical example treated in the present chapter. The atmosphere isbounded by an isothermal upper half space beginning at 125 km

altitude.
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OMEGbA= .30928-02
.14300+00 .21671+01 -,65i52+C2
*14539+U0 -.72963-01 -,22523+02

5 .14778+00 -,19992+01 .16898+02

15017+00 -.34415+01 ,49336+02
.1525+00 -.43200+01 .72532+02
15495+00 -946324+31 ,65619+02

.15734+00 -,44356+01 88883+02

.15973+00 -.38276+01 ,83475+02

.16212+00 -.2926+01 71114+02

.16451+00 -,18579+1 -53814+02

.16690+00 -.74204 + 00 ,33657+32

.18929+00 31761+00 .126114+02

.17168+00 41276+01 -,75995+01

.17407+00 .19579+01 -,25568+02
-17646+00 .24418+01 -.40247+02
.1785+00 ,26746+01 -,52952+02
,18124+00 .26605+01 -.57340+02
19363+00 -24195+01 -.59371+02
e18602+00 .19834+31 -,57261+02
1841+00 .13917+01 -.51424+02
19080+00 .68860+00 -,42421+02• 19 519+00 -. 80574-01 -,30906+02
,19558+00 -,87155+00 -,17582+02
#19797+00 -,16447+01 -,31561+01
,20036+00 -. 236574-01 ,11690+02
,20275+00 -,29996+01 .26326+02

•20514+00 -,35295+01 .40198+02
*20753+00 -.39379+01 ,52832+02
.20992+00 -.4215301 .63849+011

Figure 3. Sample printout of R and R versus phase velocity for a12
fixed value of angular frequency. Output generated with
the input data of Fig. 1.

K
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To obtain Vb(w), one need only change the same statement to

FPP = RPP(l,2). (3.3)

The same limits for phase velocity and angular frequency as are used for

the calculation of Rll and R1 2 should be used in the calculations for vn,

Va, and vb. In our example, when these limits are used, the GR1 mode

corresponds to mode #3, and the GR0 mode corresponds to mode #4 for the

case when v () is calculated. For the cases when v (w) and vb( ) are

calculated, the GR1 mode corresponds to mode #4 and the GR mode corre-
1 0

sponds to mode #6. A sample output listing of Vn (), Va (w) and vb(w) for

the two modes is given in Fig. 4. An additional listing of vn(M)

va (W), and vb( ) for the two modes versus various values of w is given

in Table 1.

3.3 CALCULATION OF a AND 8

The next step in the procedure is to manually calculate values for

the variables a and 0 which enter into an approximate version [Eq. (9) in

Scientific Report No. 1] of the eigenmode dispersion function. These

parameters represent the partial derivatives of R1 1 and R1 2, respectively,

with respect to phase velocity v evaluated at v=va and v=vb, respectively.

Since RII and R1 2 also depend on w, a and a may be considered as functions

of angular frequency (but not of phase velocity).

It may be recalled that va () and vb(w) are values for the phase

velocity at which R1' and R12' respectively, vanish. From the listing

of, say, R versus v and w, let the adjacent values R 11 , R2 11 , R3 1 1 and

R411 for R corresponding to the values for phase velocity v1 1, v21 , v31

and v 41' respectively (for some chosen w), such that v2 1 and v31 brackett

a value for va; R21 1 and R3 1 1 would then be of opposite sign. In the

listing of v, RII, R12 for various w, the values for v should all turn

out to be equally spaced. Given this fact, it is possible to reasonably

approximate a from the listings of R11 by the formula

a= (/Av 1 )([5/6]e 11+[1/12]f 1 1+[l/4]gllhll) (3.4)

... . . . ..... _ _ _ _ _ _
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GR0 MODE

Vn  Va  b

012375 .31185008 .00103n *31205939 .001030 e31209836

ql'34nO. .311818n5 .002nl1 .31205552 0002061 .31209447
130 .3177Q.00393 .31204906 .003093 *3120s7879

015460 .31172882 0n124 31204001 U .3 73
,01b-01 .31167509 .01)5156 .31202834 *005!56 .314067P7
.017q32 311651209 .0116187 .31201405 .0071de .31205303

.01863 *31153q4 .007218 .31199710 007210 .31203520

.0191,7n ,31148b10 .008P50 .31197748 .000250 .31201679

.01907q .31148516 .009 l .31195515 .009281 .31199478

.019q95 .31142505 .01'12 .31193006 ,010312 .31197016

.019P53 .31168841 .011344 .31190215 .011344 *31194291

.02011! ,31134515 .012375 .31187139 *01237b *31191302

.020P26 .311224n0 .013"07 .31183768 ,01407 ,311805

.n2165A .31029529 .(1443A .31180093 01436 .3118Q5181

0p1850 .31029116 4 0 15 11 0 .31171fn4 .015691.3117671

.022005 .30790129 n1601 .31171786 .016501 .31176630
. 22t3 OW .351q 73 31157120 .017532 .31172258

.022130 .30551142 .01853 .31162087 .018563 .31167591
02273 .30312155 ,019c9c .31156053 ,019595 .01162620
.022p20 .3n073168 .020826 .31150781 .020626 .31157334

.022412 .29834181 .02165A .31144415 .021658 .31151721

.022'190 .295951o4 .02268Q .31137478 .022689 .31145763

.022116 .29355207 .023720 .31129855 .02372U .31139444
,n22636 .29117220 02475P .31121368 .024752 .31132738
.02268 .28948366 .025783 .31111721' .025783 .311,S619
.02261 .28878233 .026A4 .31100382 .026814 .31118049
.02277 .2863926 =027P4b .31086276 *02786 .311099b4
.022'76 .28400259" .02A77 .3106b848 .028877 e31101364
.022012 .28161272 .029009 31034189 .029909 .31092114

GR1 MODE

3 Vn  Va vb

.13407 .2P7814)9 .00103 24434330 .001030 .25T31165

.0130;24 -2260456
8  .0021161 .24409612 .001738 .2b5514q5 0

.018104 .22125580 .003(93 .24367787 .002061 .25I4 ?2 54

.01L12Q .22186593 .003659 .2433747 .00309 .5 q9'9C02

N34113A .22177526 .n04124 .24307817 .004124 .24911"067

o014778 .21947606 .005156 .24228153 .00513b .24 uJ5906

.015107 .21708619 .006187 .24127431 *00510 .2 4 b1)453

.015,113 .2109631 .0(16145 ,21098491 .006187 .246 P57

01516Q .21423833 .0i0721A .P4n019)4 .00b963 .245761466

,1brC99 .21230b44 .00 181 .23859504 .007210 .24b35036

.015 66 .20991657 O(.00850 .23848240 .008250 .24 3 31412
01601 .20752b70 ,O0(q8t .236b3913 *008293 .24 37733

.0160153 .21)513682 0o9117n .23620517 *00926i .24118333

.016501 .20463309 010312 .?34327411 1.009.362 .24(9j4qj

.0.175 ,20274bg5 .0nl01 .235d1529 *010260 .23,r3Qr,9)4
.016875 *010312 23&4'I:5q5

.016A86 .20035708 .nl3411 .23153720 .01U3 .2352513

.017n85 .1979b721 .011-81 .23142b12 .01134 .2352(.'77

.017274 .195b7733 .01211 .22903555 .011712.2331529

.017154 .19318746 .12175 .22809942 012311 .23142542

.n17632 .19211887 .012759 .226b4b68 ,O1257b,231125i2

.017(,26 .19079759 .013111 .22425b80 ,012376.211161111

.017790 .18840772 013407 .22381942 0133ib.22W,356 8

.017046 .118601784 ,013P0 n ,2218b593 ,01340226258

.0180196 .18362797 .01n4P5 .21947606 .013790 .2
2 42b58O

.018:)4 .1123810 .010134 21842295 ,0 199 .221j65q3

.018' 7R .17884823 .014A59 .21708019 .01443 .22.36670

.O18iln .17645836 .015127 .214b9b31
01 7797015' .2123064 01457b.21947606

.0183A .17406848 .#15fts .21151653 ,014922.21708b19

Figure 4. A sample output listing of v(W), va(w), and vb(w) for the

G R0 and G R modes.
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where

AV = 41 - 31 = 31 - 21 = 21 11l (.a

e =R -R (3.5b)11 311 211

f11 =R 411 -R 311 +R 211  R1 ll (3.5c)

g11 = (R211 - R311)/e11  (3.5d)

h = R311 + R211 -R 1 - R411  (3.5e)

in like manner, from the listing of R1 2 versus v and w, if one lets the
adjacent values R R R and R for R correspond to the

R112, 212, 312 ' R412  12

values for phase velocity v 1 2, v 22, v 3 2, and v 4 2, respectively (for some

chosen w), such that v2 2 and v3 2 bracket a value for vb, then one can

approximate 0 by the formula

B = (l/Av 2)([5/6 ]e1 2 + [1/12]f 12 + [1/4]g1 2 h 1 2) (3.6)

where Av2 9 el2, f12' 912 and h12 are defined by equations analogous to

Eqs. (3.5) (last subscript changed from 1 to 2).

Because we use a numerical method (i.e., that described above) to

calculate a derivative (it would be preferable to have an explicit formula),

there is a small amount of numerical noise in the tabulation versus W of a

and a computed in the above manner. This noise is noticable only for the

GR1 mode and may for all practical purposes be filtered out by plotting a

and a versus w and then drawing smooth curves through the respective sets

of points. (See Figs. 5 and 6.) While this procedure is somewhat labori-

ous, ic circumvents doing additional runs of the program to get values of

R1i and R1 2 at more closely spaced values of phase velocity. It also cir-

cumvents a somewhat elaborate computer programming chore which would do
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i

110

I00

90

0.002 0.006 0.01

w(sec-').

Figure 5. A plot of the parameter a versus w for theG R mode. The para-
meter a is 3R1l/DV p evaluated at the phase velocity where
RII"0.
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wa (seec')

Figure 6. A plot of the parameter 0 versus w for theG R mode. The para-
meter 0 is D R12 /av evaluated at the phase velocity where

R: 120
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such steps automatically. (We suspect that the programming time would

surpass all time which would ever actually be spent on manual circula-

tions such as described above.) In any event, in view of the relatively

small values of kI which are actually obtained (as described further

below) and in view of the recommendations (also given further beLow)

conccrning the use oi the same k in many different types of calculations,

the accuracy of the a and a so obtained is more than sufficient.

3.4 CALCULATION OF COMPLEX PHASE VELOCITY

The applicable expression for calculation of a mode's phase velocity

(real above cutoff frequency, complex below) is Eq. (10a) in Scientific

Report2  No. 1 (which for brevity is not repeated here). This involves

parameters va and vb (whose computation is described in Sec. 3.1), and

X, which may be considered as a function of w and which is defined by

Eq. (10b) in the prior report. This latter quantity X depends on 0/a,

All, G and A12 . The latter three are computed by taking the phase velo-

city as va and using Eqs. (4), (7a), and (7b) of the prior report.

These calculations are straight forward, and do not require detailed

explanation. Listings of G, All, A1 2, and X for various values of w

and for the GR1 and GR0 modes are given in Table 1.

As explained in the prior report, below cutoff (that is, below WL =
0.0125 rad/sec for GR and below wL = 0.0118 rad/sec for GR0, in the run-

ning example) the real part kR of the horizontal wave number is the real part

of W/v(1) and the imaginary part kI is the imagimary part of w/v(1)

Finally, the extension by first iteration of the normal mode dispersion

curves below cutoff is obtained by simply calculating w/k. Listings of

v(), kl, k R, and w/k for various w for the GR0 and GR1 modes are given in

Table 1. Plots of kI and w/kR are given in Fig. 7.

3.5 INPUT DATA FOR GR0 AND GR1

The present version of INFRASONIC WAVEFORMS allows for the possibil-

ity of phase velocity w/k , imaginary component kl, and source free ampli-

tude AMP to be input as functions of angular frequency w for any given
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GR0 MODE

va A11 A12 G

0.001030 0.31205939 0.31209836 957.1 -2648.5 0.07064925 -1.3492340 0.028617461
0.005156 0.31202834 0.31206727 917.4 -2783.7 0.07066928 -1.3497015 0.025859571
0.008250 0.31197748 0.31201679 854.9 -2988.2 0.07070210 -1.3504677 0.020599491 -3
0.011344 0.31190215 0.31194291 767.9 -3254.2 0.07075075 -1.3515959 8.16470 x 10 1

w X k I  k R w/kR
0.001030 0.14489848 + 0.058693141 3.29323 x 10:8 3.3007'x lo- 3 0.31205300
0.005156 0.15887128 + 0.058134771 1.68605 x 10- 0.0165355 0.31202121
0.008250 0.18298964 + 0.053315141 2.65003 x 107 0.0264444 0.31197553
0.011344 0.22182228 + 0.025598511 2.00717 x 10-7 0.0363822 0.31189059

GR1 MODE

w Va  v b 18 A AI 2

0.001030 0.24434330 0.25073465 87.4 -3578 0.13415774 -2.8317742 0.043592491
0.005156 0.24284530 0.24815908 87.8 -3633 0.13695917 -2.8971705 0.040308491
0.008250 0.23848240 0.24346182 89.6 -3770 0.14232483 -3.0224265 0.033973041
0.011344 0.23153728 0.23514877 100.0 -4144 0.15281704 -3.2673565 0.019880611

X k1  kR w/kR
0.001030 1.9394832 + 0.630205181 4.96794 x 1045 4.0319 x 10- 3 0.25546528
0.005156 1.9560589 + 0.575696111 2.19268 x 10:4 0.0204383 0.25269766
0.008250 1.9813366 + 0.472946441 2.67086 x 10"4 0.0333205 0.24759561
0.011344 1.9381840 + 0.252146541 2.05014 x 10- 4 0.0474121 0.23926355

Table 1. Tabulation of frequency dependent parameters for the GR
and GR, modes. Tabulation is for frequencies below
cutoff, definitions of the various quantities are given
in the text and in Scientific Report No. 1.

L... . ---_---7m. - --w, .!-J .i." . .... -
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GR0  CUTOFF

0

0.002 0.004 0.006 0.008 0.010 0.012
AN4GULAR FRIEQUENCY (radicin/sec)

i -4......
toG

0.002 0.004 0.006 0.008 0.010 0.012

'ANGULAR FREQUENCY (radian/sec)

Figure 7. Numerically derived plots of phase velocity w/k Rand of the
imaginary part k I of the complex horizontal wavenumber k ver-
sus angular frequency w for thie -R 0 andIR 1 modes. Nominal
lower frequency cutoffs for these modes are as indicated.
Note that k1 is identically zero above the cutoff frequency.
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mode. The only modes for which this is necessary are GR0 and CR V This

input data is partly obtained by the procedure described above. Here

we describe how the remaining portion of the input data is obtained.

To obtain values of phase velocity and source free amplitude at

frequencies above cutoff one uses the current version of INFRASONIC

WAVEFORMS with the variable NCMPL of NAMELIST NAM51 set less than zero.

This gives an output essentially identical to what would be obtained

with the original version of the program. The input data for this run

would be the same as if one were computing waveforms without considera-

tion of leaky modes. A sample listing of such input data is given in

Fig. 8. The run will give mode numbers and tabulations of phase velo-

city VPHSE and amplitude AMP versus angular frequency OMEGA for the GR0

and GR1 modes at frequencies above cutoff. The only output which need

be retained for future use are the tabulations of VPHSE versus OMEGA for

these two modes, since amplitudes at frequencies above cutoff are comput-

ed automatically in the run which utilizes this information as input data.

A sample tabulation of the pertinent output (for the running example

considered here) is given in Fig. 9.

Input data of phase velocity VPHSE and amplitude AMP for frequen-

cies below cutoff are obtained by a second run of the program, again

with NCMPL < 0, only with the original model atmosphere replaced by one

which has a thick intermediate layer plus on upper half space replacing

the original upper half space. Thus, in the NAM2 input list, IMAX is

increased by one, the original ZI and T are unchanged, but one adds a

ZI for the new value of IMAX which is, say 100 km larger than the largest

ZI for the original model atmosphere; the temperature T for the new IMAX

+ 1 layer (i.e. for the new upper half space) is set equal to an arbitrarily
very large value (say, 2x10 K). Doing this will artificially shift the

cutoff frequencies for GR0 and GR1 down to values which are, for all

practical purposes, equal to zero. The input data for this run should

include choices of angular frequency and phase velocity limits (Vl, V2,

OMl, and OM2 of NAM4) which are appropriate for an exploration of the

properties of GR and GR1 at frequencies below their original cutoff frequen-
0 1

cies. It is imperative that OM2 not be too large since INFRASONIC WAVEFORMS will

- - -
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$NAM1 NSTARr=1, NPRNr=1, NPNGH=-1, NCMPL-1 $END

$NAM2 IMAX=24,

ZI=1.,2.,4.p6.,8.,10.,12.,14.,16.,18.,20.,25.,30.,35s,40.,459,55.,

65, ,75. ,85. ,95. ,105. ,115. ,125.,

T=292. ,288. ,270. ,260. ,249. ,236. ,225. ,215. ,205. ,198. ,205. ,215. ,217.,

237. ,249. ,265. ,260.,240. ,205. ,185. ,84. ,200. ,250. ,400. 1570.,

LANGLE =1,

WINDY~ 25*0 *0,

WANGLE =25*0.0

$END

$NAM4

THEMK 35.,

V1 0.15, V2 = 0.495,

~vl=0.005o,0,12 =0.1,

N'1v1 30, NVPI =30,

MAXRVD = 8

$END

$N416 ZSCRCE =3.0, ZVBS 0.0 $END

$NAM8 YIELD = S.E3 $END

$NAN1O ROBS 15000o.,

TFIRST =46.2E33, TEND 52.2E3,

DELTT =15.,

=OP lit

$END

$NAM1 NSTART=6 $END

Figure 8. Input data to obtain phase velocity versus angular frequency
above cutof f f requency f or the G R and GR modes.
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~f, IGR 0NMODE GR1 M)DE

CtVGA V OMEGA Vn n
.O1.,d7~.01,*8275ES 021913rU!G
*OI~2 .~1iUC 016 1253 *20'S4827t

01CI.) 714i

J 1 *:7 iZ 49 .0I7:66s8 418568b66
0 t2137 131 * ~4 7 3j 1 8~'5 e5L

*3215,030 -016325E9 . i7974i13

*01.8o5224 .i73'474E
j2IQ3 c 2014240 ibiii5E oIE7844.82

.)23...5 3539871 * 13921 .16 8 7 6 S
*022.:6i'1 *305 Z94 092E

*~32211?51 0!A~5?19334-SO 0 1C5374+7
.321~i~3 ~ 3C~E52 OIS485S4 . 19594828

*02223357 OS35 1U0a

402295n
* 022S9372 E80C
*02259355 o2S7562
*02233273 *2,Qn852E7
*0 23 72 027?7!6EE

*0232k2 E .2E8965=00
* 2 Z53 1E 5 .25106897
%023a33E9 .24.517241

oJ2,533EC. 92CS4a827E
.O2',65,±7 * 2L6222!7
*02~44741 IS~75E21

.025.12335 4q58~_
*02526iE2
*025;.2OE2 *1737 S3-..C
402558111 *1e7844L8Z
Ji25Eo523J oIE4870ES

. 32ro75227 1IS5
*G2 5 -53 679 :59 62 E
.026138W 0I

Figure 9. Sample output of phase velocity versus angular frequency at
frequencies above cutoff for theG R 0and G R modes corres-
ponding to the input data of Fig. 8.
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encounter numerical difficulties at higher frequencies when the height

of the upper halfspace is as high as considered here. (If it were not

for this fact, this run could be used to generate essentially the same

information as in the previous run.) For comparison, Fig. 10 indicates

the types of atmospheric profiles used in the two runs with NCMPL < 0.

The second run gives values for the source free amplitudes AMP and

phase velocities VPHSE for the R0 and GR1 modes for frequencies below

cutoff. The latter of these are expected to be virtually identical to

the w/kR which are obtained by the method described in Sec. 3.4. Also,

the source free amplitudes are expected to match on smoothly to those

obtained from the prior run for high frequencies even though the two

model atmospheres are not identically the same. (This is because the

energy transported by the GR0 and GR1 modes is predominantly in the

lower atmosphere.) Furthermore, we expect these amplitudes to be virtual-

ly the same as would be obtained by the modified residue method described

in Scientific Report No. 1 for the original model atmosphere. The actual

amplitudes should have a small imaginary part, but in view of the rela-

tively small values of the kI (less than 10
-3 nepers/km) obtained, we

are confident that this imaginary part may be neglected to an excellent

approximation. The only aspect of the leaking phenomena which conceiv-

ably could be of significance is the accumulative exponential decay

represented by the factor exp(-kIr), which is retained in subsequent

calculations.

Sample input data for this second run with NCMPL < 0 are given in

Fig. 11; a listing of the output values for OMEGA, VPHSE, and AMP below

the original cutoff frequencies for the GR0 and GR1 modes of the running

example is given in Fig. 12.

3.6 WAVEFORM SYNTHESIS

The final step in the waveform synthesis is to run the program

INFRASONIC WAVEFORMS with input data including the information concern-

ing the GR0 and GR modes computed as described in the preceding two

sections. The essential difference between this run and the first such
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250 250

200 200

150 150

-100. -1.00
E E

W w

-50 50.

260 340 420 500 260 340 420 500

SOUND SPEED (m/soc) SOUND SPEED (m/sec)

(0) (b)

Figure 10. Two model atmosphere profiles; the first is the same as in
Fig. 2; the second has the original upper halfspace replaced
by a layer of finite but large thickness with a halfspace
above it of extremely high temperature and sound speed.
Second atmosphere is used to generate phase velocities and
source free amplitudes at frequencies below nominal cutoff
frequencies.

............................................. ~
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$MAUhl NSTAR-1, NPMT=l, NPNG[-I=-1, NGP,-i $END

$NAM2 IMAX=25,

ZI=1. ,2. ,4. ,6. 8. ,lO. ,12. ,14. ,16.,8.,20. ,25. ,30. ,35. 0,45. ,So55.,

T=292. ,288. ,270. ,260. ,249. ,236. ,225.,215. ,205. ,198. ,205. ,215. ,227.,

237. ,249.,265., 260.t240.,205.,185.,184.,200.,250.,400.,570.,2.E7I

LINGLE~1,

WINDY=26*0. 0,

* WANGLE=26*0.0

$END

$W1M4

THIETKD= 35.,

V1 0.18, V2 =0.34,

0%vl 0.001, 0\12 =0.02,

N0MI =30, NVPI =30,

RXVYOD = 8

$END

$NAM1 NSTART=6 $END

Figure 11. Input data to obtai.n phase velocity and source free amplitudes
below nominal cutoff frequencies for theG R 0 ndG R Imodes.
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GR0 MODE GR MODE0 1
OMEGA VPHSE AMP OMEGA VPHSE AMP
.00100 .31206 -.03102934 .00100 .28308 -.00003660
.00166 .31205 -.03101968 .00166 .28237 -.00003722
.00231 .31205 -.03100520 .00231 .28129 -.00003831
.00297 .31205 -.03098589 .00297 .27983 -.00004009
.00362 .31204 -.03096170 .00317 .27931 -.00004082
.00428 .31203 -.03093260 .00362 .27797 -.00004295
.00493 .31203 -.03089855 .00428 .27567 -.00004754
.00559 .31202 -.03085951 .00473 .27379 -.00005235
.00624 .31201 -.03081546 .00493 .27289 -.00005510
.00690 .31200 -.03076637 .00559 .26958 -.00006819

.00755 .31198 -.03071222 .00582 .26828 -.00007507

.00821 .31197 -.03065299 .00624 .26569 -.00009291

.00853 .31196 -.03062146 .00668 .26276 -.00012320

.00886 .31196 -.03058865 .00690 .26116 -.00014672

.00952 .31194 -.03051919 .00740 .25724 -.00024331

.01017 .31192 -.03044457 .00755 .25598 -.00029422

.01083 .31190 -.03036475 .00805 .25172 -.00063749

.01148 .31188 -.03027970 .00821 .25040 -.00084929

.01214 .31186 -.03018936 .00853 .24780 -.00156605

.01279 .31184 -.03009365 .00878 .24621 -.00225436

.01345 .31182 -.02999249 .00886 .24571 -.00248871

.01410 .31179 -.02988574 .00937 .24345 -.00335025

.01476 .31176 -.02977324 .00952 .24292 -.00346229

.01541 .31173 -.02965474 .01017 .24075 -.00365399

.01607 .31170 -.02952988 .01019 .24069 -.00365562

.01672 .313.66 -.02939809 .0103 .23860 -.00365194

.01738 .31162 -.02925846 .01148 .23628 -.00358599

.01803 .31158 -.02910932 .01178 .23517 -.00354504

.01869 .31152 -.02894743 .01214 .23372 -.00348656

.01934 .31146 -.02876557 .01279 .23084 -.00336176

.02000 .31136 -.02854424 .01304 .22966 -.00330833
.01345 .22758 *-.00321275
.01406 .22414 -.00305033

.01410 .22387 -.00303760

.01476 .21961 -.00283239

.01490 .21862 -.00278409

.01541 .21469 -.00259141

.01561 .21310 -.00251310

.01607 .20895 -.00230706

.01621 .20759 -.00223902

.01672 .20220 -.00196998

.01674 .20207 -.00196321

.01720 .19655 -.00168722

.01738 .19420 -.00156992

.01761 .19103 -.00141297

.01798 .18552 -.00114281

.01803 .18462 -.00109941

.01831 .18000 -.00G87957

Figure 12. Sample output of phase velocity and source free
amplitude at frequencies below cutoff for the GR0
and CR modes corresponding to the input data of
Fig. 1.
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run described in Sec. 3.5 is that one sets NCMPL > 0, and that one supplies

values for the parameters in the input list NAM51. A listing of the in-

put data for the run, allowing for the leaking modes, and appropriate to

our running example is given in Fig. 13. The phase velocities input for

the GR0 and GR1 modes are those derived from the two computer runs describ-

ed in Sec. 3.5. The source free amplitudes for these modes are supplied

only for frequencies below cutoff and these are derived from the second

run of Sec. 3.5. The imaginary parts of the wave number are the numbers

whose computation is described in Sec. 3.5. The reason we use the phase

velocities below cutoff as computed in Sec. 3.5, rather than as in Sec.

3.4, is that both calculations agree to the same order of accuracy as

would be expected for the approximations inherent in the method of Sec.

3.4. Consequently, we expect the values from the computer run to be the

more nearly accurate. Of course, the values of k have to be computed

by the method of Sec. 3.4 since the computer program in its present form

does not compute these directly.

In Fig.14 we show CALCOMP plots of modal and total waveforms ob-

tained before and after the inclusion of leaking modes. (This is for

our running example, 15,000 km from a 50 megaton burst at 3 km altitude,

the receiver being on the ground.) One may note that the inclusion of

the leaking modes eliminates the spurious precursor in the waveform and

raises the amplitude of the first peak. It is also important to note

that the waveform with leaking modes included begins with a pressure

rise. This is what one would probably expect from intuition alone, and

would also appear to be more realistic.

3.7 FURTHER EXAMPLE (HOUSATONIC)

To further explore the effects of inclusion of leaking modes, we

chose the case of waveforms observed at Berkeley, California, following

the Hausatonic detonation at Johnson Island on October 30, 1962. A

previous comparison of theoretical and observed waveforms for this event

is given in the Geophysical Journal article by Pierce and Posey 5 This

case is also the central example in the 1970 AFCRL report by Pierce and
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SNMI NSTAIT-1,NPRNT-1. ,NPNCII-1.NCtPL-1 SEND

SNAM2 IMAX-24,
Z'l. ,2.,4.,o.,.,10.,12.,14.,16.,1l.,20.,2S.,30.,3S.,40.,45. ,SS.,

b5.,7S. ,85.,9S. ,105. ,115. ,125.,

T-292.,28S. ,270.,200.,249.,236.,22. ,21S. ,205. ,198. ,205. ,215. ,227.,

237.,249.,265.,260.,240.,205.,185.,184.,200.,250.,400. ,570.,

LANGLE"1,

WINDY-25*0.0,

WANGLE"2S*0.0,

SEND

$NAM4

IIETKD-3S.,

V1 * 0.15, V2 - 0.495,

011 - 0.005, oI2 - 0.1,

NOMI " 30, NVPI - 30,

MAXM D - 9,

SEND

SNA.NIS1 KNGR1-2, NPGR1-2S, KNGRO-3, NPGRO-47,

0NGR-0.001,O.00231,0.00428,0.O0582,0.0080S,0.01017,0.01083,0.01178,
0.01483,0.01592,0.01647,0.01706,0.01729,0.01, 52,0.01793,0.0181,

0.0183,0.01864,0.01892,0.01)22 ,0.01933,0.01935,0.01948,0.01961,
0.01974,

VPGR1-0.28308,0.27983,0.27567,0.26828,0.2S]22 ,0.2407S,0.23860,0. 23517,

0.21913,0.21034,0.205,0.19828,0.19545,0.19224,0.18621,0.183S,0.18017,
0.17414,0.16845,0.16207,0.159S4,0.15905,0.15603,0.15302,0.1S,

OMGRO-0.001,0.00231,0.00428,0.00624,0.00821,0.01017,0.01083,0.01483,0.01647,
0.01728,0.0181,0.01892,0.01933,0.01974,0.02138,0.02177,0.02207,0.02214,

0.02216,0.02218,0.02219,0.0222,0.02221,0.02227,0.02233,0.02253,0.02288,

0.02302,0.0232,0.02349,0.02377,0.02404,0.02430,0.02456,0.02466,0.02483,
0.02497,0.02S1I,0.02S26,C.02541,0.02S47,0.02575,0.02584,0.02588,0.02593,

0.02603,0.02614,

VPGRO-0.31206,0.31205,0. 31203,0. 31201,0.31197,0. 31192 ,0. 31190,0. 31176,
0.31168,0.31163,0.31157,0.311S,0.31146,0.31141,0.31079,0.30991,0. 30689,

0.30539,0.30S01,0.30463,0.30S26,0.30417,0.30388,0. 30237,0.30086,0. 29483,

0.28276,0.27772,0.27069,0.2S862,0.24655,0.23448,0.22241,0.21034,0. 20622,

0.19828,0.19224,0.18621,0.18017,0.17414,0.17177,0.16207,0. 15905,0.15761,

0.15603,0.15302,0.15,
ANPGRI--0.00003660,-0.00004009,-0.00004754 -0.00007S07,-0.00063749,

-0.0036S399,-0.0036S194,-0.00354504,

JJtPGRO--0.03102934 -O.03100520,-0.0309326,-0.03081S46,-0.03065299,

-0.03044457,-0.03036475,

AKIGRI-4.OE-S,9.0E-S,].7SE-4,2.41:-4,27E-4,2.SE-4,2.2SH-4,1.4:-4,17*0.0,

AXICR0-3.0E-8,6.0E-8,1.2E-7,1.9.-7,Z.SE-7,2.71:-7,2.3E" 7,40*0.0,

$NANG ZSCRCU-3.0, ZBS-0.0 $ND
$NA,18 Y11ID-50.I:3 SEND

SNAII0 ROBS - 15000.,
TFJI.S'-46.23, TIND-S2.2E3,

DELIT- 15.
I OPT l

$NMI ?,S AIT-6. $.NI

Figure 13. Sample input data for synthesis of infrasonic waveform inclu-
ding leaking modes. The data for the NA151 input list is as
derived from previous computations described in the present

chapter.
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Figure 14. CALCO4P plots of modal and total waveforms before and after
inclusion of leaking modes. Example is for the case of a 50
megaton burst at 3 km altitude in the atmosphere of Fig. 2;
receiver is at distance of 15,000 km.
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PoseyI , and is discussed within the Lamb edge mode theory context in some

detail in Posey's thesis.16

The model atmosphere assumed for the computation is exactly the Game

as in Fig. 3-12 of the 1970 report, only we let the upper half space begin

at 125 km (IMAX - 24). Rather than repeat the tedious calculations of

the kI for the GR0 and GR modes for this model atmosphere, we assumed that

they would be essentially the same as for the running example in the pre-

vious section. Thus the steps in Secs. 3.5 and 3.6 needed only to be

carried out to obtain a waveform sysnthesis.

In Fig. 15, we give comparisons of the CALCOMP plots for this event

*before and after the inclusion of leaking modes. One may note that the

first of these does not agree with the comparable CALCOMP plots in Fig.

3-10 of the 1970 AFCRL report. This is of course because we have here

taken the upper halfspace to begin a lower altitude. This choice of

where the upper halfspace begins is of little consequence when leaking

modes are included, and consequently the agreement of the old computation

with the leaking mode included case is quite substantial. Further, the

new computation is regarded as an improvement in that the spurious initial

pressure drop has been eliminated.

On the basis of the calculations described above, we have redrawn

the Fig. 7 in the Geophysical Journal article which compares observed and

theoretical pressure waveforms for the Housatonic-Berkeley event. Thi.

revised figure is given here as Fig. 16. The only difference is in the

center waveform. The precursor is now absent and the first peak to trough

amplitude has been changed from 157 pbar to 170 pbar (less than 10% increase);

the remanider of the waveform is virtually unchanged. The discrepancy

with the edge mode synthesis hasn't been diminished and remains a topic

for future study. (It was not addressed during the present study.)

I
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Figure 15. CALCcMP plots of modal and total waveforms before and after
the inclusion of leaking modes. The ovservations were made
at Berkeley, California, following the Housatonic detonation
at Johnson Island on 30 October 1962. The energy yield assumed
in the theoretical computations was lU megaton. The model
atmosphere is as previously used by Pierce and Posey in
AFCRL-70-0134, only the upper halfspace begins at 125 km.
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Fi1gure 16. Observed and theoretical pressure waveforms at Berkeley,
California, following the Housatonic detonation at Johnson
Island on 30 October 1962. The observed waveform is taken
from Donn and Shaw (1967). The energy yield assumed in[ the theoretical computations was 10 megatons. This is a
revised version of the Fig. 7 in the 1971 paper by Pierce
and Posey (aeophys, J. Roy. Astron. Soc. 26, 341-368).
The original multi-mode synthesis figure has been replaced
by one including leaking modes.
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Chapter IV

ASYMPTOTIC HIGH-FREQUENCY BEHAVIOR

OF GUIDED MODES

4.1 INTRODUCTION

Due to temperature and wind stratification, the earth's atmosphere pos-

sesses sound speed channels with associated relative sound speed minima.

Fig.17 shows a standard reference atmosphere wherein two such sound

speed channels are indicated; one with a minimum occurring at approxi-

mately 16 km altitude and the second with a minimum occurring at approx-

imately 86 kl altitude. Given the presence of such a channel, an

acoustic ducting phenomenon can occur, as is demonstrated in Fig.18,

wherein the energy associated with an acoustic disturbance can become

trapped in the region of a relative sound speed minimum. It is this

mechanism of ducting only that is of interest here.

In the computer program INFRASONIC WAVEFORMS, the computation of

modal waveforms involves the numerical integration over angular fre-

quency of a Fourier transform of acoustic pressure where this integra-

tion is truncated at the high-frequency end. It hhz been speculated

that this abrupt truncation leads to the generation of what might be

called "numerical noise" in the computer output. It was felt useful,

therefore, to extend this integration beyond the heretofore upper

angular frequency limit by means of some appropriate high-frequency

approximation. In the case of an atmosphere with just one sound channel,

the technique for doing this is vell known and dates back to a paper

published by N. HaskelP 7 in 1951. Haskell's method is the W.K.B.J.

(Wentzel, Kramers, Brillouin, Jeffreys) method, then in common use in

quantum mechanics although its invention dates back to Cari±ni1 and
19

Green in the early 19th century.

The approximations associated with the W.K.B.J. method of solution

apply to the analytical model on which the computer program is based at

/
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I
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Vp ACOUSTIC PRESSURE
SOUND SPEED PROFILE

Figure 18. Sketches of sound speed versus height and acoustic pressure
amplitude versus height for a guided mode illustrating the
mechanism of acoustic ducting in a sound speed channel cen-
tered at a region of minimum sound speed. The energy of
the disturbance may be considered as concentrated in the
height T.igion between turning points.
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frequencies above approximately 0.05 radian/sec (periods less than 2

minutes). Below that limit, effects due to density stratification in

the atmosphere and gravitational forces cannot be neglected. Such

effects therefore are not germane to the discussion here.

The application of the W.K.B.J. method of solution to the problem

of describing propagation of acoustic disturbances in an atmosphere that

contains two adjacent sound speed channels has previously been discussed

in the literature by Eckart 20 who invented the simple method of seeking

a W.K.B.J. model for each of the sound speed channels spearately, then

combining the results rather than treating the problem with a single

model. In the present chapter, Eckart's method is applied and numerically

verified for the case of infrasonic waves in the atmosphere.

4.2 THE W.K.B.J. MODEL

The W.K.B.J. model for propagation of acoustic disturbances in

a single sound speed channel may be considered as an approximation for

the acoustic pressure divided by the square root of the ambient density,

which in general may be expressed as

e = (~-iwteikX-7 . ( ) e e(4 .1)
0

where w is angular frequency, k is the wave number associated with the

horizontal dimension x, z is altitude. Here P(z) satisfies the reduced

wave equation,

2 
-+ 2 k2 1 = 0 (4.2)

d z2 c2(z) J
where c(z) is sound speed as a function of altitude. The W.K.B.J. approxi-

mation applies in general to all differential equations of this type if the

coeffieient of 41 is sufficiently "slowly varying." It would appear in par-

ticular to be valid in the present context provided

c << (4.3)

- 7
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where X is some representative wavelength of interest. This approxima-

tion states that substantial changes in sound speed should not occur

within distances corresponding to a typical wavelength of interest if

the model is to apply.

A particular result of the W.K.B.J. approximation is that dispersion

curves (vp vs. w) of guided modes are given by the equation

pZtop

2~ 2
-2 -dz - (2n+'l)1vp 22w (4.4)

zbottom

where Vp is phase velocity, n - 0, 1, 2j 3, ..., and where Zbottom and
z t identify the lower and upper bounds of the sound speed channel,
top

respectively. This integral is a direct result of the W.K.B.J. method

of solution 21 , and its numerical solution enables the plotting of disper-

sion curves.

4.3 COMPARISON OF DISPERSION CURVES

Particular insight into the high-frequency behavior of guided in-

frasonic modes was gained when the above integral was solved numerically

by computer for both the upper and lower channels, the model atmosphere

being that given in Fig.17. The resulting dispersion curves computed in

this manner are shown in the lower portion of Fig 19. One set of curves

(the dashed curves) is appropriate to the W.K.B.J. model for the lower

channel and the other set (the solid curves) is appropriate to the W.K.B.J.

model for the upper channel. In the upper portion of the same figure

are shown again dispersion curves as generated by the computer model

INFRASONIC WAVEFORMS. It should be mentioned that the computer model

solves a more complex problem in the sense that the simplifications in-

herent in the W.K.B.J. model are not present.

As is illustrated in rhe lower portion of Fig.19, the two sets of

dispersion curves generated by the W.K.B.J. models intersect with one

another at various points. A comparison of the dispersion curves shown

in both the upper and lower portions of Fig. 19 reveals that these points

K . .. .
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Figure 19. A comparison of theoretical guided mode dispersion curves for
the U. S. Standard Atmosphere 1962. The upper set of curves
were generated by full wave calculations with the multi-modal
synthesis program INFRASONIC WAV1EFOM S. The lower sets wereF obtained by applying the W.K.B.J. method to the upper sound
channel (solid lines) and the lower sound channel (dashed
lines), respectively.
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of intersection mark regions of resonant interaction in the phase velo-

city-angular frequency plane between adjacent modes of the computer model.

To better illustrate this observation, in the right hand portion of Fig. 20

is shown one such region of interaction with its corresponding point of

intersection between two dispersion curves of the W.K.B.J. models shown

to the left. It should be mentioned that the dispersion curves of the

computer model never intersect with one another. An analytical explana-

tion of this fact has previously been given by Pierce22 .

4.4 INFERENCES CONCERNING ENERGY VERSUS HEIGHT DISTRIBUTION

The above observation may be stated differently by saying that, for

relatively high angular frequencies, the dispersion curve corresponding

to a given mode of the computer model is comprised of portions of dis-

persion curves from both sets of the curves generated by the W.K.B.J.

models. Two important inferences about the asymptotic high-frequency

behavior of guided infrasonic modes can be drawn from this statement.

First, for some frequency ranges, and depending on how dispersion curve

portions match between curves of the computer model and the W.K.B.J.

models, it can be inferred that the acoustic energy associated with a

given mode is comprised of energy associated more with propagation of

acoustic disturbances in one sound speed channel than in the other.

Also, as frequency increases, this association alternates back and forth

between channels. To illustrate, if, for a small range of frequencies,

a portion of a dispersion curve of the computer model matches (in the

phase velocity-angular frequency plane) a portion of one of the W.K.B.J.

model curves for the upper channel, then that implies that, for that

mode and for that small frequency range, the acoustic energy density

associated with that mode is greater in the upper channel than in the

lower channel. Secondly, in the standard reference atmosphere, the

sound speed minimum for the upper channel is less in magnitude than the

sound speed minimum for the lower channel. It can be inferred, therefore,

that those acoustic disturbances for which phase velocities are less in

magnitude than the sound speed minimum for the lower channel are associated

more with acoustic energy trapped in the upper channel than in the lower

channel, and thus, for this reason, do not contribute significantly to

the acoustic energy at the ground. This inference implies that care must
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ligure 20. A detailed (blown-up) plot of a section of lag. 19 showing
a region of resonant interaction between two modes, one ducted
in the upper channel, the other ducted in the lower channel.
The full wave calculation (computer model) indicates that the
two modes interact such that the actual dispersion curves do
not cross, but indicates that the W.K.B.J. and computer model
curves are nearly the same except in the region of resonant
interaction.
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be taken as to which modes are chosen to superpose in the attainment of

the final pressure waveform at the ground, as some may not contribute.

4.5 IMPLICATIONS FOR WAVEFORM SYNTHESIS

In the previous synthesis of guided pressure waveforms at long dis-

tances, the acoustic modes were numbered in order of increasing phase

velocity (i.e., SSl" $2,..., etc.) and the sum over modes was truncated

at a finite maximum number of modes. The analysis given here indicates

that this may be a very poor approximation for synthesizing high frequency

portions of waveforms observed near the ground since there is always some

frequency above which the first, say, N modes all correspond to channelling

in the upper sound speed channel.

The preferable alternative would appear to be (for synthesis of ground
level arrivals from sources below 50 km altitude) to ignore the upper

sound speed channel completely for frequencies above, say, at least 0.2

rad/sec (possibly 0.1 rad/sec) corresponding to periods below at most

30 sec (possibly 1 min). The dispersion curves could then be taken as

given by the W.K.B.J. approximation and the mode amplitude versus height

profiles could be computed by the method outlined by Haskell. The dis-

persion curves and amplitudes so computed would fit directly into the

general scheme outlined by Pierce and PoseyI which forms the theoretical

basis for the current version of INFRASONIC WAVEFORMS.
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Chapter V

EXTENSION OF INFRASONIC WAVEFORMS TO INCLUDE

DISTANCES BEYOND THE ANTIPODE

5.1 INTRODUCTION

Previous theoretical considerations incorporated into the digital

computer program INFRASONIC WAVEFORMS restricted synthesis to waves that

had traveled less than one-half the distance around the earth. The pur-

pose of this chapter is to further exemplify techniques to enable computer

synthesis of acoustic-gravity pressure waveforms at points whose distances

are greater than halfway around the world from a nuclear explosion.

Extension of prior theory shows that for wave propagation past a point on

a spherical earth, one-half the great circle distance away from the point

of detonation (i.e., the antipode), a phase shift of w/2 radians to the

Fourier transforms of each modal wave is incurred. Modification to the

computer program necessitates the reinterpretation of the great circle

distance r, the inclusion of the v/2 phase shift, and a modification to

the earth curvature correction factor. Computations are presented for

pre and post antipodal waveforms.

5.2 THEORETICAL CONSIDERATIONS FOR POST.ANTIPODAL WAVEFORMS

In considering acoustic-gravity waves that have passed beyond the

antipode, certain specific definitions for the various waveforms must be

adopted. To an observer located on the surface of a spherical earth be-

tween the source and the antipode the pressure waveform that is first ob-

served is the direct arrival or A1 arrival. The A1 arrival has traveled

the shortest great circle distance r to reach the observation point. The

next waveform observed at the above observation point is the A2 or antipo-

dal arrival. The A2 arrival has traveled the longer great circle distance
from the explosion point around the globe passing through the antipode to

reach the observation point. The A3 arrival is the A1 pressure waveform

that has traveled completely around the globe with respect

_7#
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to the observation point. Further arrivals exist but are not considered

' here. The distance r is measured in kilometers and is the great circle

distance measured from the detonation point to the final observation

point. Figure 21 shows some typical pressure waveforms recorded in subur-

ban New York for the Russian explosion of 58 megatons at Novaya Zemlya
23

on 30 October 1961.

Previous numerical syntheses of acoustic-gravity waveforms have

only considered direct arrivals. The extension of this theory to include

waveform prediction for antipodal arrivals is described here. An inves-

tigation of a small region of the earth's surface in the vicinity of the

antipode where prior theory breaks down yields certain waveform charac-

teristics that enable waveform synthesis to be extended to ranges past

the antipode. By taking the antipodal region smaller in area than say

1/100th of the earth's area as a whole we can consider this region to

be flat. Then the equation governing propagation of any frequency In

any guided mode near the antipode is the cylindrical wave equation in

the form of

2 2 iV2)2F/ 2
a F!arA + (/rA)F/arA - (1/v )32F/at = 0 (5.1)

where F would represent the rA and t dependent part of the integraticn

kernal for synthesization (i.e., integration over frequency of any

given modal waveform where the height dependent part is omitted here).

The quantity Vp is the corresponding phase velocity. The assumed cir-

cular symmetry of the wave about the antipode is inherent in the absence

of the angular derivative terms in the above equation. The distance rA

is measured positi'e out from the antipode. The wave solution to Eq.

(5.1) for the total acoustic pressure p and small rA can be written for

time t as

F = DJO(krA)cos(wt+e) (5.2)

For the above, k = w/Vp repres.nts the horizontal wave number, w the

angular frequency, and c some phase angle. The quantity D is some arbi-

trary constant while Jo(krA) is the Bessel function of zero order.

- - -
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Figure 21. Infrasonic pressure waveforms recorded in suburban New York

following the detonation of a 58 megaton yield nuclear device

in Novaya Zemlya ISSR on 30 October 1961. [Extracted from

Donn and Shaw, Rev. ofG eophys. 5, 53-82 (1967).]
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When r is suffienciently large (i.e., greater than three wavelengths)A
a solution for the total acoustic pressure p can be considered as a sum

of ingoing and outgoing waves with respect to the antipodal region. The

asymptotic solution for large kr can be written for time t as
A

F = A(rA)-/2cos(wt+krA+ in

(5.3)

+ B(rA)-i/2cos(wt-krA+ Oout)

In Eq. (5.3) 0 is some phase angle while w and k are as previously defined.

The plus sign in the argument of the cosine denotes an ingoing wave.

Equation (5.3) is not defined at rA = 0 and,as rA approaches zero, wave

amplification is predicted. Figure 22illustrates waveform amplification

approaching the antipode for three different values of r for a ten mega-

ton nuclear explosion. The antipode is reached when r = 20,000 km.

Realizing that Eqs. (5.2) and (5.3) should represent the same pre-

sure waveform at large rA we can now show the existence of a phase differ-

ence between waveforms approaching and leaving the antipode. For large

rA, the Bessel function Jo(kr A ) can be represented by its asymptotic

approximation such that Eq. (5.2) becomes

F - Dk(2/nrAk) 1/2cos(krA -7r/4)cos(,)t+e) (5.4)

or with the aid of trigonometric identities as

F -L D(2/TrAk)1 / 2 [cos(wt+e+krA -/ 4 )

(5.5)

+ cos (wt+c-krA qH/4)]

Equating (5,3) to (5.5) then requires that

A = B = D/(2Tk)1/2 (5.6a)

Oin = - w/4 (5.6b)

Yout C + %'/4 (5.6c)
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Figure 22. Theoretical pressure waveforms of a pulse propagating towards
the antipode (corresponding to a great circle distance r of
20,000 km). Computations presented are for a 10 megaton burst
in a standard atmosphere without winds. Note the amplification
in amplitude for values of r successively closer to 20,000 km.
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so

0out =in + 7/2 (5.7)

The latter shows that a pressure waveform un0ergoes a phase shift of 90

degrees. Based on this knowledge the computer program has been altered

to synthesize pressure waveforms for the A2 arrival that passes through

the antipode.

5.3 MODIFICATIONS TO INFRASONIC WAVEFORMS FOR POST ANTIPODAL WAVEFORMS

Waveform synthesis for ranges beyond the antipode necessitates only

minor adjustments to the computer program. By considering the theoretical

development of Brune, Nafe, and Alsop (1961)24 for circular spreading of

waves over a spherical surface of radius re (i.e., re = 6374 km for earth)

the amplitude correction factor for the curvature of a spherical earth,

appearing in subroutine TMPT, is altered for post antipodal waveforms by

replacing the term sin(r/re) by its absolute magnitude, where r is inter-

preted as the total distance the wave has traveled from the point of

detonation. For post antipodal arrivals considered here r would be between

rre and 2ir e kilometers. The earth curvature correction factor in subroutine

TMPT appearing as

CF - (1./(6374. * SIN(RAD)))*iO.5 (5.8)

is replaced for post antipodal waveforms by

CF = (I./(6374.*ABS(SIN(RAD))))**O.5 (5.9)

where ROBS = r and

RAD ROBS/6374. (5.10)

To accomodate the change in phase as the waveforms pass through the anti-

pode two computer cards of the form

PH2 PH2 + 1.570796 (5.11)

-,,
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are inserted in the deck listing of subroutine TMPT after lines 160 and

177.

After incorporating the above modifications into subroutine TMPT

the computer program was then utilized to synthesize various theoretical

waveforms. Using the Soviet shot of 30 October 1961 as the source, a

phase shift upon passing through the antipode is exhibited in Fig. 23

for two observation ranges of a synthesized pressure waveform. Further

dispersion beyond the antipode of the pressure waveform is shown in

Fig. 24 for a ten megaton explosion. A comparision of antipodal arrivals

for a computer synthesized pressure waveform and a microbarograph recorded

by Donn and Shaw in suburban New York5 for the 58 megaton Soviet test is

presented in Fig. 25. Considering the scattering in waveforms that can

occur at such large arrival distances, it is not unreasonable to say that

the amplitudes and typical periods of the two plots are of the same order

of magnitude.
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Expected First Before Antipode
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.0 91 0'
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LPeak
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Time (sec), after detonation

Figure 23. Theoretical pressure waveforms just before (great circle distance
r of 19,000 kin) and just after (r of 21,000 kin) passing through
the antipode (20,000 km). The u/2 phase shift after the anti-
podal passage is evidenced by the second figure. Time of ex-
pected first peak arrival derived from linear extrapolation of
computed time of first peak arrival versus great circle distance
tcr r<20,000 km to case of r>20,000 km. Source is the 58 megaton
Soviet test in Novaya Zemlya.
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18.6 Hours Alter r 21,000 km
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Figure 24. Theoretical pressure waveform for a pulse propagating away
from the antipode. Decrease of amplitude and increased fre-
quency dispersion occurs with increasing great circle distance
r. The sourfce is a 10 megaton nuclear explosion in a standard
atmosphere without winds.
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Theory
r=33,360 km

380 pbars

L-

L29.7 Hours After
a' Detonation

Data
._u r= 33,360 km
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n
0

Time After Detonation
(15 minutes between marks)

Figure 25. A comparison of theoretical and observed antipodal (A2 ) arrivals
for pressure wave recorded in suburban New York following the
detonation of a 58 megaton yield nuclear device in Novaya Zemlya
USSR on 30 October 1961. Note that the amplitude scales for
the two records are not the same. Observed waveform taken from
Donn and Shaw, Revs. of Qophys. 5, 53-82 (1967).
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Chapter VI

CONCLUSIONS AND RECOMMENDATIONS

6 .1 REMARKS CONCERNING INFRASONIC WAVEFORMS

The new version of INFRASONIC WAVEFORMS contained in this report

(Appendix A) allows for the computation of waveforms which have propa-

gated past the antipode and for the computation of waveforms including

leaking modes. Our remarks here concentrate on the latter modification,

If one chooses a model atmosphere in which the sound speed is con-

I stant above some arbitrary large height, it is inevitable that the GR0

and GRl modes should have lower cutoff frequencies and be leaking below

that altitude. Beyond a certain point, one would expect that the compu-

\tations should be independent of this choice of height, provided the

analysis were carried through with some degree of exactitude. If there

were a genuine sensitivity, this would indicate that these modes carry

an appreciable fraction of their energies at high altitudes and this

would in turn suggest that the neglect of physical dissipative mechanisms

(such as viscosity and thermal conduction, Joule heating, etc.), which

increase dramatically at extremely large heights for the frequencies of

interest here, is not a valid approximation.

The reason we cannot take the bottom of our upper halfspace to be

arbitrarily large is that some modal height-amplitudes decrease exponen-

tially at large altitudes. This exponential decrease implies that, if

one attempts to calculate the transmission matrix [R] connecting variables

at the bottom of the upper halfspace to those at the ground, then the

elements of [R] are going to be extiemely large and the mathematical

theorem that the determinant of [R] be 1, while true in principle, is not

going to be satisfied for the actual numerical values computed because

of the loss of significant figures. The net result is such large

fluctuations in the eigenmode dispersion function due to round-off

errors that it is impossible to determine its roots. This problem

p
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always arises at sufficiently high frequencies when the upper halfspace

bottom is taken too high.

In Chapter III, a simple expedient for circumventing this difficulty

is implicitly described. One uses one atmosphere for low frequencies,

another atmosphere for higher frequencies. The atmosphere for the higher

frequency calculations has its halfspace beginning at, say, 125 km alti-

tude while the atmosphere for the lower frequency calculations has its

upper halfspace beginning at, say, 225 km. Given the premise that, for

the GR0 and GR modes (which appear to be the only modes for which we have

problems at low frequencies), the energy is ducted below 125 km, the

temperature above 225 km can be made as large as one desires without chang-

ing the answers. Thus one simply chooses this temperature to be so large

that the lower cutoff frequencies for the two modes are, for all practical

purposes, zero. In this manner one can construct the phase velocities

and source free amplitude functions versus frequency for these modes

down to arbitrarily small frequencies.

Another question is whether or not the kI (imaginary part of wave-

number) for the leaking modes are physically meaningful. They obviously

would be meaningful were the actual atmosphere terminated by an upper

halfspace and were there no physical dissipation mechanisms. However,

the actual atmosphere is more complicated than this model and one has

to accept the fact that (1) an approximate atmosphere is going to give

rise to approximate answers and (2) that the values of the kI are going

to depend on the choice of the bottom height of the upper halfspace.

Thus the kI are really somewhat arbitrary. Fortunately, the values of

the kI so derived are very small, at least for the example we have numeri-

cally carried out, that the computed waveforms are almost the same as

if the kI were identically zero.

With the above remarks in mind, it is recommended that the calcula-

tions of the k for the GR and GR modes below cutoff not be carried out
I 0 1

in the synthesizing of waveforms. Rather, one should either set the k

for frequencies below cutoff as given in our numerical example or to

2x10 (i.e., for all intents and purposes, zero). The reason the k

4,
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should not be set identically to zero is that the computer program uses

the nonzeroness of k as a flag to decide whether to look for an input

value of AMP (source free amplitude) or to compute the number internally

(it can't do this at frequencies below cutoff and will consequently

return AMP = 0). While this may seem a rather simple thing to do, con-

sidering the elaborate mathematical theory developed2 in Scientific

Report No. 1, the analysis and computations which preceded the formula-

tions of this recommendation were necessary, if only to estab.lish that

the procedure has some rigorous mathematical basis.

In any event, it is evident that one must and should include con-

tributions from the frequencies below the nominal low frequency cutoff

(determined by the upper halfspace) if one is to adequately synthesize

the initial portions of waveforms. The present report shows how this

may be done. The procedure, although requiring several (three, in

general) runs of the program rather than just one run to accomplish

this, is relatively straightforward. It is obviously feasible to auto-

mate this so that only one run is necessary, but the time limitations

of the present study precluded our doing so.

6.2 DISCREPANCY WITH LAMB EDGE MODE THEORY

It was hoped that the inclusion of leaking modes into the multi-

mode synthesis would eliminate the discrepancy between the numerical

predictions of the Lamb edge mode theory and the multi-mode theory.

It is evident, however, from Fig. 16 in the present report that this

has not turned out to be the case. The cause of the discrepancy has

not been resolved and time limitations precluded its resolution.

There is always the possibility that either program may have a mistake.

However, barring this, it should be pointed out that the modified

multimode theory should be the more nearly correct. The Lamb edge mode

theory 15 contains a number of approximations which the multi-mode

theory does not contain. Consequently, it is recommended that the

multi-mode model as modified here be used in preference to the Lamb

edge mode model.

-'I
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The relative simplicity of the edge mode model still retains an

K ,intrinsic appeal and, consequently, it is recommended that some future

effort be expended in revising the model (possibly by including higher

order terms in the dispersion relation) such that the discrepancy is

resolved.

6.3 GUIDED MODES AT HIGHER FREQUENCIES

The procedure outlined in Chapter IV for using a modified W.K.B.J.

approximation to order the modes and to compute modal parameter at high

frequencies looks eminently feasible and is recommended for inclusion

into the multi-mode synthesis program INFRASONIC WAVEFORMS. Although,

again, time limitations precluded this, we regret not having done so in

the present study. The motivation for doing this, however, is not as

strong as for the low frequency modifications because the commonly avail-

able data in the open literature is markedly poor as regards high frequency

arrivals. If and when such a modification is carried out, one should

ideally have appropriate data with which to compare the numerical predic-

tions.

Another problem is that there is some question as to whether a mult-

modal theory with a finite number of modes (even when judiciously selected)

can ever adequately synthesize higher frequency arrivals. In many respects,
we believe that an appropriate modification of a geometrical acoustics

theory would be preferable.

6.4 GEOMETRICAL ACOUSTICS MODEL

The geometrical acoustics model described3 in Scientific Report No. 2,

although still incompletely developed, appears to hold considerable promise

for the understanding of higher frequency arrivals. We know now how to

take the edge mode into account and how to handle the problem of caustics.

Problems of aretes, lacunae, and wave diffusion from channel to channel

still remain, but we believe these can be overcome with only a modest

amount of additional theoretical effort.

L7
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The ultimate objective of the analysis should be to develop the

simplest possible theory sufficient to explain and interpret available

data. In this respect, we would suggest that both the multi-mode and

geometrical acoustical models, Wnile perhaps more elaborate than should

be ideally required, could be used as research tools to conduct numeri-

cal experiments which test simpler models. £he statistical models develop-

ed by ?. Smith25 for underwater acoustics appear especially attractive

in this regard and we believe that one should be able to test his models

using the geometrical acoustics model described in Scientific Report No.

2. Also, the types of numerical experiments envisioned should provide

the inspiration and support required to refine Smith's models such that

they be capable of a more nearly precise description of infrasonic wave-

forms.

1A
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APPENDIX A

SOURCE DECK LISTING OF THE PRESENT

VERSION OF INFRASONIC WAVEFORMS

This supercedes the source deck listing originally given by

Pierce and Posey in AFCRL-70-0134. Changes incorporated include those

described by Pierce, Moo, and Posey in AFCRL-TR-73-0135 and those

described in the present report.

Fi

I ___________
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PROGRAM ItFRA(INFUTOUTPUTTAPES:INPUTtTAPEROIJTPUTv "AIN I
IPUNCHoTAPET=PUNCHTAPE2) MAMt 2

C MAIN PROGRAM 7/23/6s MAIN 3

M AIN S

C T NROGRA U TO SYNTHESZE OPESSUE WHAVFORNS OF ACOUSTIC MAIN 1
C GRAVITY MAVES GESERATED SY TUCLEAR EXPLOSONS I THE AT MAIN 2
C ATMOSPHERE MAIN 9
C "ArN IQ

C MAIN 12
C T --- B ISTRACT-Y IU. MAIN 13
C HAIN 14
C TITLE MAIN PTOGCA MAIN is
C GENERAL PURCOSE PFOGRA FOR TTUDYNG TIE PPOAGAT CF NUCLEA MAIN 29
C . E UPLOS.O G ERATED ACOUSTIC GRAVITY WAVES IN THE ATeCSP34E,2 MAIN 37
C MAIN 18
C THE ATMOSPHERE LSC0AT XNHAT E BY A IJLTILAYER AT SPH R MAIN 19
C WITH CONSTANT W1H C VLOCITY AN TELSORATU E INt EAC LAY MAIN 20

TLI NUMFR OF LAYPS, AIDTHS OF LAYERS* ANC ROFE7T.LS MAIN 21
C LAERS TAY C SrLTCTEC PY TM USER. THE GOUNO AT Z O MAIN 22

R ASSUMEO FLAT ANO RIGWID TH UPERLOST LAYET OF THE "AIN 23
C "ATMOSFMERE IS ASSUPEO TO SE UHOUNc E FROM AOVE. MAIN 2
C MAIN 2S
C TL U SOURCE S SORCTR AE BY ITS HEIGHT OM AUUST AN EN:RG MAIN 26
C YIELD. ZT IS APPPOXC.ATED AS A POI/r EP:E!v SOUCv WITH MAIN 27
C AUTTSE OEF-NAENDI CCNFOPING TO CUJO YOOT (HYITOOYN. E, 6 "AIN 28
C SCALING OERVFE. FCTS O UCLEAR WAF04S MAIN 29

C (UeS U GOVERNMENT FR-NT--G OFFMCE* 19i)l MAIN 36
. MAIN 31

CTHE OSERVLI LCCATION MAY 9E SPCFIO ASOTRALY MAIN 32
C HOEVEP, THE COPPUTATION INCLUDES ONLY CONTA1EUTIOIS FPO MAIN 33
CNFULLY OuCTEO GUNDD TCRES AND ACCORDNGLY IVS A NCNUTE MAIN 74
'C VALID (Al eEST) ONLY AT LAMGE HORZOITAL CISTAhCES, MAIN zS
C T R ALSOO THE PRCGRAA NG B ASLE ON THE PEMS THAT OLY HAIN !6
CPORTIOS OF ¥OOSS WITH CHASE VELOCNTTAS GRETTER THAN THE MAIN 37
CMAXIMUM WINC SPEED. ARE TO !E INCLUCE3 INTO THE COMPUTATI MAIN 38

C ... TH PROGRAP CA O THEREFORE SA APPLIED TO THE STUDY OF MAIN 39

C CTRTIM LAYE MFFECTSo "AIN 56
.P. AAIN 57
;L*ANGUAGE -FOPTRAN IV (.'609 REFEOENCE MANUAL C5-051S-4) MAIN 42

C. MAIN 43
C AUTHORS " AZOERCS ANC JePOSEY9 NDIT.9 JUNEt9e8 MAIN 59

CINM YIELD . ENO MAIN 60

c....- USAGE L MAIN 6

C- - -~*SAT~~ MAIN 63

C ALL' DAA IS NFUT-IN "T1 NAPTLIST FORMAT.. EACH SEUENCE OF GATtMAIN 64
C . MUST TNCLUDE A NA VE GROO AT THE EGTN.NG. NMAIN 49

C MAIN S
CINAM1 NSTARTX D NPRNZ NPNCH, E OND MAIN Si
C MAIN 65
C THE RE(ISINTEC OF THE AATA TO BE SUPOLIED OEFENIS ON THE VALUE MAXN 53
C OF NSTART. MAIN S4

C 0**NSTART=I*** MAIN S6
CILNANZ LANlG

' 
"
=  9 !'AXZ i T= 9 toot VKNTX2 9 toot ETC* 1L "AIN S?

CtNAM4 THETK - v Vt= V ?4 H* 04 " - TC. IL MAIN sa

C&NAM6 ZSCRCEZ 9 ZOOS= tENO ... "AIN S9

•CtNAMI YIELOz &'NO "AIN 60

C&NAMIC TFrRST= 9 TEND= 9 OELTTZ v Ross= 9 lOori
=  

&END MAIN 61
C MAIN 62

"C C *NSTART:Z*# HAIN 53
i CNAM3 IMAX: 9 Cl= to•.* VXI: t 9 .. 9 ETC* tENO MAIN 64

CL~f 1 THETK: 9 Vl= V2 vZ Oh1: v ECT. . .. EtND MAIN 65

CENAM6 ZSCRCEZ v ZCBS: tENO MAIN 66
r rCINAMS YELCz &END .. MAIN 6.

C&NAM10 rFIRST: 9 TrNOz GELTTZ PODS= I OPTZ %ENO MAIN 68

C "_ AIN 69

C 4OevNSTART-3#*# MAIN 70
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C&NAMS OMAX: * 9 .. *Ogg VXVO 9 MOFNO ETC. Ewe "AIN 71MN& ZSCRCEx 9 ZOBSz %END MAIN 72

C&NAH8 VELO: LENO MAIN 73
CLNAMIO TFIRST3 , TEN2 , CELTTX ' ROJS: zopr &END MAIN 74
C .. OMAIN 75
C *e**NSTART:5#9@4 "AIN 71
CINAMT OINOO: 9 :to, , VMO0 to.o MOFN0: ETC*, MAIM 8C&NA"8 YISLD~z EEND "AIR 78

CtflAMIG TFIRST= 9 TEND q OELTT: 9 ROBS: , IOPTZ %ENO MAIN 79
C MAIN po

C Oe*NSTART:6v.4 MAIN 8f

C(NO ADDITIONAL DATA IS NEECED. COMPUTATION TERMINATES.) MAIN 86
C MAIN 8T
C FOR A COPPLETE L!ST CF VARIABLES THAT ARE INCLUOEO IN A GIVEN MAIN 88
C NAPELIST GOOUP, SEE tAPELIST STATEMENTS IN P;OGRAM. NOTE THAT MAIN 89
C DATA "INbUT BY REAO(59NAVI)v REDA(5NA92), ETC, INEED NOT It4CLUOE MAIN 90
C VALUES OF ALL VARIABLES IN THE CORRESPONCING N.AMELIST GROU O . ONE MAIN 91.
C NETO ONLY ItC'UT THOSE VALUES NEECEO FOR THE CALCULATICN AND WHICH MAIN qz
C ARE NOT ALRE40Y IN| STORAGE. MAIN 93
C MAIN 94

C OATA ASSOCIATrC WITH N3P3. NAMS, NAM?, AND NAM9 SHOULC IK GEhERAL MAIN 95
C NOT BE SUPPLIED ARBITRARILY, BUT MAY aE DBTAIrIEC FROM PREVIOUS -MAIN 96
C RUNS OF- THE ORCG9AM. IF tISTAOTM . NPH=.I OtTA CARDS FOP NAM39 MAIN 97
C RAMS* NAP?*t ND KAM9 ARE 4TOMATICA1.iY |OUNCHE'Oo IF NSTART=29 MAIN 96C NPNCH2I. DATA CARDS FOR 11APS, NAP7T AND *AM9 ARE PUhCHEC. IF MAIN 99

C NSTA T23# 13PNCHZ19 OtTA CA40S FOR NA1,7 ANL NA141 AR. * UNCHED. IF "AIN tooC NSTART249 NPNCH21t DATA CARDS OR NA9 ARI TUNCHHD. MAIN lot.

C mA IN L02

C THE NEXT BATCH OF DATA AFTEP NAPIO SHOULD BE tNAnl. THE LAST DATA MAIN 103
C CARO SHOULD BE NAMI WITH NSTART26o MAIN 104
C "AIN 1G5
C ----EXTERNAL SUnROUTINES REOUIREO---- MAIN 106

M "AIN 07
C SUBROUTINE TYPE CALLED BY MAIN 18
CI.. MAIN L09
C AAAA SUB ELINT*PPPNtNAM2DEtNMGPN "AIN LI
C AKI SUA TIPT MAIN 11L
C ALLMOO SUB MAIN MAIN 112
C AMBNT SUB PAMPO "AIN ILI
C ATHOS SUB PAIN MAIN lItf.
.C AXISI SUB TMPT (M.I.T. CALCOMP ROUTINE) MAIN 15
C e99s SUB ELINt MAIN 116
C . CAI FUNC oqeB.Mmmp MAIN 117
C OXOYI !Us T40 T (M.I.T. CALCOMP ROUTINE) MAIN 11
C ELINT SUB TOTINT MAIN 119
C ENOPLt SUB TMPT (M.I.T. CALCOMP ROUTINE) MAIN 120
C FNMOOI" FUNC MOCETq (EXTErNAL FOR ARG. OF RTMI) MAIN 12.
C FNMOO2 FUNC POOETR (EXTERNAL FOR ARG. OF RTmI) MAIN 1zz
C LNGTHN SUB TABLE MAIN 1Z3
C "Mm SB APPOERRRR MAIN 126
C MOOETR SUB ALLMOO "AIN 125
C hOOLST SUB MAIN MAIN 126
C HPOUT SUB TABLE MAIN 127
C NAMPDE SUB PAMPOE MAIN 128
C NEWPLT SUB TmPT (m.I.T. CALCOMP ROUTINE) MAIN 129
C NMOFN SUB FNPOOitFkMOOZ.LNGTHNMPOUTWIDEN MAIN 130

* C NUMSRI SUB TMFY (M.I.T. CALCOMP ROUTINE) MAIN 131,
C NXMODE SUB ALLMOO MAIN 13Z
C NXPNT SUB MODETR MAIN 131
C PAMPOE SUB MAIN MAIN 13(.
C PHASE SUB SOURCE MAIN 135
C PLOT SUB TMPT (M.I.T. CALCOMP ROUTINE) MAIN 136
C PPAMP SUB MA IN MAIN 13T
C PRATMO SUB PAIN MAIN 138
C RRRR SUB NMOFN MAIN 13%
C RTYI SUB MOVrTR (IBM SCIENTIFIC SU9ROUTIflE) MAIN 1t.6
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C SAX FUNC qoqaBMMM AIR" 141
C SCLGPH SUB TMPT (h.IT. CALCOMP ROUTINE) MAIN" 142
C SOURCE sUe PPAMP MAIN 143
C SUSPCT SUB TAPLE MAIN 144
C SYMOLS SUB TMPT (M.I.T. CALCOMP ROUTINE) "AIR 145
C TABLE SUB MAIN "Ark 146
C TAePRT SUB MAIN "AIN 1*.?
C THPT SUB MAIN "lrA 148
C TOTINT sU3 NAMPOE NArm 149
o UPINT SUB TOTINT MAIN 150
C USEAS SUB TOTINT "AIN 151
C WIOEN SUe TAELE "AIN 15Z

MIN 153
C ----INPUTS THROUGH NAMELIST READ STATEMENTS---- MAIN 154
C MAIN 155
C NAMI -- NAPELIST GROUP I MAIN 156
C MAIN 157
C NSTART :FLAG DENOTING POINT IN PAIN PROGRAM AT U4ICH COmUTA MAIN 158
o TION OEGINS. POSSIgLE VALUES OF i THROUGH S CAUSE MAIN 159
C NAM29 NAM3, NAM5, NAM7, OR NAM9 TO RE REA3. NSTART: MAIN 160
C CAUSES TE;PIATION CF PROGRAM EXECUTION. MAIN. 161
o NPRNT zFLAG FOP PRINTING OFTIO4. IF NP7?lT *LE. 0, A PINIMA MAIN 162
C AMOUNT OF ;RINTCUT WILL BE 4ETJRNEO. MAIN 163
C NPNCH ZFLAG FOR PUNCHING OPTION. IF NPNCH *LE. O NO INFO MAIN 164.
C WILL BE PUNCHED ON CAROS* MAIN 165
C MAIN 166
C NA"Z -- NAMELIST GROUP 2 MAIN 167
C MAIN 168
C LANGLE RINTEGER WHICH SPECIFIES WHICH TYPE OF ATMOSPHERIC OA MAIN 169
o IS INPUT* IF LANGEL ,LE. 0, THE WIN:O CO4 0ONENTS IN MAIN 170
C KNOTS ARE SPECIFIED, W4ILE IF LANGE .GT. 3, TN WINO 'AIN 171
o MAGNITUCE AND CIRECTION4 ARE SPECI-IEO FOR EACH LAYER MAIN 17?
C IMAX aNUM!ER OF LAYEPS OF FINITE THICKNESS IN PULTILAYER MAIN 173
c. ATMOSPHERE. MAIN 174
C_ T11) :TEMOERATUqr IN DEGREES KELVIN IN THE I-T4 LAYER. MAIN 175
c VKNTX(I) :X (WEST TO EAST) CCPPONENT OF WINO VELOCITY IN I-TH MAIN 176
C LAYER. MAIN 177
C VKNTY(I) :Y (SOUTH TO NORTH) COMPONENT OF WINC VELOCITY IN I-T MAIN 178
o . LAYER. MAIN 179
C NINOYI) :WltlC VELOCITY VAGNITUCE IN KNOTS ItN I-TH LAYER. MAIN 180
C WANGLE(M) :WINC VELOCITY CIRECTION IN OEGRESSt RECKONEC COUNTER MAIN IPI
C CLOCKWISE FQOM X-AXIS. MAIN 182
L ZItI) =4SIGHT IN KILCVETEDS OF THE TOP OF THE I-TH LAYER OF MAIN 183
C FINITE THICKNESS. MAIN i8to
C MAIN 185
C NAM3 -- NAPELIST GROUP 3 MAIN 186

A MAIN 187
C IMAX :NUMaER OF LAYERS OF FINITE THICKNESS. MAIN 188
C CICI) :SOUNO SFEEC IN KM/SEC Iq I-TN LAYER. MAIN 189
C VXI(I) =X COMPONENT OF WINO VELOCITY IN I-rH LAYER tXN/EEC). MAIN 190
C VYI(I) =Y COMPONENT OF WINO VELOCITY IN I-TH LAYER (KN/ESC). MAIN 191
C HI(I) =THICKNESS IN KM OF I-TH LAYER OF FINITE THICKNESS. MAIN 192
C MAIN 193
C NAM4 -- NAMELIST GROUP 4 MAIN 194
C MAIN 195
C THSTKO :OIRrCTICN IN CFGPEES TO OBSERVER, RECKONED COUNTER MAIN 196
C _ CLOCKWISE FPOM X AXIS. MAIN 197
C Vi SLOWER BOUNC IN KF/SEC UF PHASE VELOCITY INTERVAL CON MAIN 198
C SOSREO FCA NCFPAL POOE TABULATION MAIN 199
C V2 SUFFER BOUND IN KM/SEC OF P-1ASE VELOCITY INTERVAL CON MAIN 200
C SIflERED FOP NOPPAL POOE TAaULATION MAIN 201
C OH =MINIMUM ANGtJLAQ rPECJENCY IN PAC/SEC CONSICEREO FOR MAIN 202
C NOPPAL MCOE TtPULATIOtj. MAIN 203
C 02 2MAXIMUM ANGULAR FREOUENCY IN RAO/SEC CONSICEREO FOR MAIN 204

$ *
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C NOPPAL r'OOE TABULATION, "Six 205
C NON! -KITIAL NUMBER OF OISCRETc FREOUTNCIES BETWEEN C41 MAIN 206
C AND OHm INCLUSIVC, At WHICH NORMAL MOCE OISPERSION MAIN 207
C FUNCTION IS STUOIEo. MAIN 208

NVPt =INITIAL NUM3ER OF OTSCQETE DHASF VELOCITISs eETWFEN MAIN 209
C V1 S1D V2v INCLUSIVE, At WHICH ROirAL MOO CISPEPSi0 MAIN 210
C FUNCTION IS STUDIES. MAIN 211
C MAXMOO 2MAXTMUM NUMeER Or NCOES TO BE TA3ULATED* MAIN 212
C MAIN 213
C NAMS -- AAMELIST GROUP 5 MAIN 214
C MAIN 215
C IMAX 2NUfPER OF LAYEPS OF FINITE THICKNESS "AIN 216
C MC(I$ • SOUNO SPEZ0 IN KM/SEC 14 I-TH LAYER MAIN 217
C VXI(I) =X COMPOhNNT OF WING VFLOCITY IN I-TH LAYER (KM/SEC) MAIN 218
C VYI() XY CCMPOhENT OF WINC VFLOCITY IN I-TH LAYER (KM/SEC) MAIN 219
C HItI) STHICKNESS IN KM OF I-TH LAYER OF FINITE THICKNESS MAIN 220
C .THETKO XOIPECTION IN CEGRESS TO O0SERVER, RECKONED COU4TER MAIN 221
C CLOCKWISE FROM X AXIS MAIN 222
C MOFND =NUM"ER CF NORtPL POCES FOUND RAIN 223
C -KST(N) =INDEX OF FIRST TABULATED pOINT IN N-TH MODE "AIN 224
C KFIN(N) =INnEX OF LAST TAqULATEO POINT IN N-T4 MODE. IN MAIN 225
C GENERAL, KFIN(N)!KST(N+ 1-'. "AIN 226
C O"MOONI =APPAY STORING ANGULAR FREqUENCY OROIN4TE (RAD/SEC) 0 MAIN 227
C PCItTS ON OISC79SIOK ClPVES. THE NMOOE MODE IS STOR MAIN 228
C FOP N OETkEEI KST(NPOOE) ANO KFIN(NpOoE). MAIN 229
C VPMOO(N) zAPPAY STORING FHASS VELOCITY ORDINATE CKM/SEC) OF MAIN 230
C POINTS ON CISRERSICK CURVzS. THE NMOOE MOMD IS STOR MAIN 231
C FOR N BE7hEEN KST(NP1OE) AitZ KFIN(NmOOE)% MAIN 232
c "AIN 233
C NAM -- NAMELIST GROUP 6 "AIN 234.
C "AIN 235
C ZSCRCE =HEIGHT IN KP OF BURST AlOVE GROUND "AIN 236
C ZOS x4EIGHT IN Km OF OeSERVEI ABOVE GROUND MAIN 237
C MAIN 238
.C NAM? -- NAPELIST GROUP 7 MAIN 239
C MAIN 240
C O"MOoIN) xARPAY STORING ANGULAR FREUENCY ORDINATE (RACISEC) 0 MAIN 241
C PCINTS ON DISPFOS10 CURVES. THE ?mOcE MODE IS STOR MAIN 242
C FOR N BETWEEN KST(NfOnE) ANO KFIN(N m OOE). MAIN 243
C vPMOO(N) ZAPPAY STORING CHASE VELOCITY ORDINATE (K./SECI OF MAIN 244
C - POINTS ON OISrEOSION CURVES. THE NPOnE MODE IS STOR MAIN 245
C FOP N 9ETUEEN KST(NPOOE) ANO KFIN(tIMOOE) MAIN 246
C t'OFNO ZNUM3ER OF NOPeAL PCCES FOU' MAIN 247
C KST(Nt :INOEX OF FIRST TAOULATEq POINT IN N-TH MODE MAI 240
C KFIN(NI 2IHOSX OF LAST TAIULATEO P)INT IN N-TH MODE. !N MAIN 249
C GEN.RAL, KFItI(V)=KST(N+)-t. MAIN 250
C AMP(J) =APPLITUCE FICTCP FOR GUID:O WAVE EXCITED BY POINT MAIN 251
C ENERGY SOURCE. Ut4ITS ARE K4'0-1). THE J-TH ELEMSPI MAIN 252
C . COQ9ESPONGS TO ANGULAR FRZt UENCY OMMOO(J) ANO OHASE MAIN 253
C VELOCITY VPMOC(J). THS A4LITUOE FACTOR is APPROPPI MAIN 254
C TO THE KPCCE-TH MODE IF J .GEt KST(NMOOE) AND J .LE. MAIN 255
C KFIN(NOCEI). A OETAILEO OEFINITION OF AM-(J) IS GIV MAIN 256

I N THE LISTING OF SUQOOUT114E NAMODE. MAIN 257
C ALAN XA SCALING FACTOR OECNOENT ON HEIGHT OF SUPST* EQUAL MAIN 258
C TO CUBE RCOT OF (ORESSURE AT GROUND)/(FRESSUPE AT MAIN 259
C eURST HEIGHT) TIMFS (SOUNo SPEED AT GROl!N3)/(SOUNO MAIN 260
C SPEO AT eURST HEIG4T). SEE SUSrOUTINE PAMODE. MAIN 261
C FACT =A GSNERAL AmPLITPIE FACTOR CEPFNOENT ON IJURST HEIGHT trAIN 262
C AND OdSERVEV HEIGHT. A PRECISE CEFINITIO'4 IS GIVEN MAIN 263
C Ik THE LISTING OF SUbROUTINE PAMOOEo MAIN 264
C MAIN 265
C HAMS-- NAPELIST GROUP 8 "AIN 266
C MAIN 267
C YIELD zEhERGY YIELD OF EXPLOSION IN EQUIVALENT KILOTONS (KT MAIN 266
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C OF TNT* I KT 4*2X(10)"19 ERGS* mArN 269
C "AIN 270
C NAN9 -- NAIMCLST GROUP 9 MAIN 271
C MAIN 272
C "DFNO =NUt~2ER OF NORIPAL MODES FOUND "AIN 273
C KST(NI zINDEX OF FzFsr TAIULATE0 POINT IN H-rH MODE MAN 7
C KFIN(N) urnoEX OF LAST TArlULATE0 POINT IN N-TN MODE. IN "AIN 275
C GENERAL, KFIN(N)zKSTfNfl)-i "AIN 276
C 0".400(N) =ARRAY STOPING ANGULAR FREflUENCY ORDINATE (RAO/SEC) 0 MAIN 277
C Poittrs ON OISPEOSION CU4VES. TH:E NPODE MODE IS STOR "AIN 27R
C FOR N 13ETIhEEN KST(KPOOE) AND KFIN(NMO!!E). MAItj 279
C VPMOO(N) vARP6Y STCRING P4ASE' VELOCITY OROINATE (KM/SEC) OF MAIN 280
C POINTS ON CISPFQSION CUR~VES. TH= NMODE MIODE IS STOR MAIN 281
C FOR N BEThEEN VST(Nt'O3E) ANO KFIN(NMIODE). MAI% 28z
C AMPLTOth) mAPIIO FACTOq R ~rESETNTING TOTAL MAGNITUDE OF MAIN 283
C rCtRrER TRANSFORM OF'WAVEFOR" COITRISUTrON Or SINGLE MAIN 284
C GUICED MOCE At FOEGLENCY OMMOO(NI. IT REPPCSrNTS TM M61N 285
C APPLITUOS CP FiOfE-T4 MODE IF N IS PSTWEEN KST(NMOCE MAIN 286
C ANO KFIN(NI CDE-), INCLUISIVE* FOR PRECISE OEFINITION,'MAIN 21?
C SEE SUBPCUTINE OPAP9. MAIN 288
C PHASOCA) 8OHASE LAG AT FPE')UENCY OMMOD(N) FOP IlrODE MCOt: W4EN MAIN 289
c N PETWEEN KST(NMODE.) AND KFrtJ(NMOOE), RESPECTIVELY. MAIN 290
C THE INTLG;AhO IS UNCEPSTOOO TO HAVE THE FORM MAIN 291
C ,AMPLTGCOCS(C"MOO(TIM-OISTANCE/V 0 MOD).PHASC). VOR MAIN 292.
C PRECISE DEFINITION CF PI4ASQq SEE SUBROUITINES TMPT MAIN 293
C AND PPAMP. MAIN 294.
C "AIN 295
C NAMLO - NAMELIPT GPOUP 10 MA IN 296
C MAIN 2q7
C TFIRST 2FIRST TIME RELATIVE TO TIME OF DETONATION FOP WHICH M4IN 294
C WAVSFORP IS CCMPU7ED. UNITS AQE IN SECONOS. "AIN 291
C TEND xAPOXIMATE TIME' VALUE CORRESPONDING Ta LAST POINT MAIN 300
C. . TAI3ULATEO FCR W;VEFGQM (RELATIVE TO TIME OF DETONATI MAIN 301
C FOP PRrcisc OFFINITION* SEE SU8RoUtrxNE TMOT. MAIN 302
C ... OELTT xINCRZMLfNT CF TIME VALUES IN SECONDS FOR WHICH SUCCES "AIN 303
C SIVE WAVEFORM POINTS ARE TADU1LATED. MA IN 304.
C ... ROSS s"AGNITUCE CF HOOIZONTAIL DISTANCE III KM F8ETWF-EN SOURC MA IN 305
C ANO OSENvEP. MAIN 306
C ZOPY 8INTEGER CONTROCLLING WHICH MODES APE INCLUDED 114 THE MAIN 3C7
C CCMFUTEO NAVEFOPM. FOR PRECISE DEFINIlTION, SEE MAIN !04
C SUBROUTINE TMOT. MAIN 309
C MAIN 310
C k MAYN z11

C ---- PROGRAM FOLLOWS SELOWS ---- MAIN 312
c MAIN 313
C MAIN 314.
C DIMENSION STATcEMENTS MAIN 315

DIMENSIOti CICI~oo),vxi(100) .vyrI(2.) ,HIIOOI,Ai4P(IO00) ,AMPLTO(I000 MA IN 316
DIM.ENSION T(00V<NrX(.O'ViV<NTV(I0 ),ZI(100),PHASO(1000)- MAIN 317
13111-tlSIOts WAi2GLEf139)swflNDYC1'00l MAIN 318
DIMENSION OH(100)tVP(102)#NmOE (10000) MAIN 319
DIMENSITON KST(i(,)sKFIh(1fl),'ot9CD(2.D30l, MAit; 320

-AVP100(IOCO) ,AKr(1000) ,I'!UF(itG00l 11AIN 321
DIMENSION OHGQ1(E0).VFGR(5),AKIGRI1(5C),OmGR0(50). MAIN 322

IVPGR(50)AKIR(5),AIIPGRO(50),AiMoG,1(5G) MAIN 323
C MAIN 324.
C ALOCATION OF VARIAELES TO COPMN STORAGE MAIN 325

COMMON IMAXCIVXIVYI.Hl MAIN :!26
C MAIN 327
C NAMELIST STATEMENTS MAIN 3281 NAMELIST /NAMI/ NSTAFTvNPqNTiNPNCff9NCM'0L MAIN 329

NAI'ELIST /NAtl2/ LANGLEIMAX.tVKNTXVNt4rYWINOYWANGLE.ZI MAIN 330
NAtMELIST /NAF3/ IMAX,CIVXI,VYI,HI MAIN 331.
NAMELIST /NAM'./ THETKDV1,V2,OM1,0M2,NOMI.NVPvtiAXMCD MAIN 332
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NANELIST /NARS/ IMAXCl.VXIVyIM,TETKO*M0FN0,KsTKFINOMMO" MAIN 333

I VemnO MTH 33M
NAM1rLtST /NAI6/ 2SCRCEiZOIS 1A1 3

MAIrLIT /AIT ~MAIN 336

NAKELIST /NA"S/ YIELD M9"s Arm 33?a

NAPELIST /NAH91 MOFCKST.!FNOPOVNMO4APU*LTO" 
Q At 38

NAHELIST /NAMI.0/ TFIRST#TFNV*E.T9R09S9IO0T 
"AIN 339

14&VELIST /NAM5iI MNRPP*KqQROCGIVGIOGC 
"AIN 31.0

LVPGR0,AICIG.U.AXIGR0 ,AMOGROAMPGRI 
"AIN 341

C 
"lAIN 34.2

C 
MAIN 34.3

C SERORE ANY DATA IS READ IN* ALL NAMELIST VALUES 
ARE PRESET TO ZERO* MAIN 344.

C THIS IS ONE SIMPLY TO MAKCE NAPELIST PRINTOUT EASIER TO READ- 
"AIN 3145

NSrARrO 
"AIN 3'.6

NPRNTxC 
MAIM 34.?

NPNCH*O 
"AIN 31.8

NCHPLUO 
MAIN 349
MAGE9 AIN 351,

11MAX20"AN 
M

THEIKOsO .0 
qAIN 352

viso.4 
MAIN 353

VZso0 
*MAIN 354

01900.0 
MAIN 355

0Mzx0.c 
MAIN 356

"OIoMAIM 35?

NVPts3 
MAIN 358

MAXMOOO0 
MAIN 359

NOFNOw0 
MAIN 360

zsCRCE'0 .0 
MAIN 361

ZOSSS .0 
MAIN 162
ML"Qo AIN 363

FACTG.60 
MAIN 364.

VIELO24* 0 
MAIN 365

1FIRSTx0.D 
"AIN 166

TENOZO.0 
MAIN 367

OELTT=0.6 
MAIN 368

noqS'0.o 
MAIN 369

?OpTaO 
MAIN 370

00 24 1pt1..100 
MAIN M7

CI(IPRPzoO 
MAIN 372

vx(IRzoaMAIN 373

vyt(IDQ)o.Q 
MAIN 3?'4

14 IPR) a0.0 0 
AIN 375

TCI*R)S0.0 
MAIN 376

VKNTK(IDR)z0 .0 
MAIN 377

VKNTY(IPQ)%0.0 
MAIN, 378

WIPIRIx0.O 
"AIN 379

WANGLECIFRI 20.0 
"I 8

.WINOY(TQR)=5.0 
MAIN 381

0M(IDR)20*0 
MAIN 382

21 VP(IPq)*0.0 
MAIN 383

00 31 IDR1l0i 
MAIN 384

KS(IR~CMAIN 
385

31 XFN(IFR)=0 
MAIN 386

00 4.1 IOR1,.1000 
"AIN 387

AMP(IOR)=0.0 
"AIN 3e§

AMPLTOtIPR) 0*0 
MAIN 389

PHASO(IFRIZO.0 
MAIM 3flo

OMMooIIoR)=010 
MAIN 391

AKItT0R)=0.0 
MAIN 392

'.1 VPMOOtIpR)0,oo 
MAIN 393

C 
"AIN 394
M AIN 395

C START OF ZXECUTABLE FOITICN OF PROGRAM MI 9
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C MAIN 39?
C NEUPLT IS A CALCOMF SUBROUTIIhE WHICH INITIATES THE CALCOMP PLOTTER MAIN 396
C TAPE FILE* 5640 IS THE M.-IT. COMMUTATION CENTER PROSLEM NO. 5923 1 MAIN 399
C THE PROGRAMMER NO. GRAPH FAFER WITH BLACK INK IS REnUESTEO "AIN 400

CALL PLOTSCIfUFt1400*,200, "MN 401
" AIN 402

I REAO (59KA"1) "AIN 403

C "AIN 404
C IT IS CONSIDERED GOOC PRACTICE TO HAVE INPUT. DATA PRINTED ON OUTFUT "AIN 405

WRITE (6.37) MAIN &C6
3? FORMATMH ////I 27HINAPi HAS JUST BEEN READ IN) MAIN 40?

WRITE (6,NAMI) MAIN 408
C AIll 409
C CURRENT VALUE OF NSTART CCT;OLS THE STAGE AT WHICH COMPUTATION BEGIN MAIN .10
C SINCE COMPUTED GO TO STATEPEKTS SOMETIMES 00 NOT COMPILE COPPECTLY IF "AIN 41t
C INOEX IS NOT EXPLICITLY DEFIKEDo WE PLAY IT SAFE WITH REOUNCANT MAIN 412
C STATEMENT. A.............MAIN 413

NSTARTmNSTART MAIN 414
C .MAIN 415

GO TO (200,3039400,500,600,9q9),NSTART MAIN 8616
C ....... M. AIN 417

C WE ARRIVE HERE IF PSTARTxI "AIN 418
200 PEAO (5,NAH2) .............. MAIN 419

C MAIN 420
WRITE (6,237) MAIN 421"

217 FOMATOIH ///// 27H NAItZ HAS JUST BEEN REAO IN) MAIN 422
WRITE (WNAM2) MAIN 423

C MAIN 424
C CONVERT ATHOSO4ERIC CATA TO STANOARDO FORM MAIN 425

CALL ATMOS(TVKNTXVKNTY,ZrkANGLR,WINDY.LANGLE) MAIN 426
IF( NPRNT oLE. C) GO TO 270 .. MAIN 427

C MAIN 428
C.PRINT ATMOSPHERIC PRCFILE IF NFRNT oGT, 0 ... "....... .. AIN 429

CALL ORATMO HAIN 4z0
2C 0 IF( NPNCH .LE* 0) GO TO 30 ... MAIN 43

27 TO35.". AIN 432
C 

MAIN 433

C PUNCH NAM3 OATA IF NMNCH .GT. 0 M.. MAIN 434
WRITE (?,2711 .. "A............ MAIN 435

271 FORMAT ( 74 t4AM3 ) MAIN 436
. UHS 2 IPAX+ 1. MAIN 437

WRITE (7,272) ImAXv(CI(I),I:,IUHS) MAIN 438
272 FORMAT t 10H IMAX 2 ,3,9H, SH (I s / MAIN 439

I ( 6XG15.81H,tG15.,2,H,,G1S.qH,,G1.8,1H9 ) ) MAIN 440
... RITZ(7.274) (VXI(IvI:1IUHS) ........ "AIN 41

274 FORMAT(QH VX: / MAIN 442
S1 6XGI.8,HG15eH,,G15*8,IHvvG15.8,IH9 MAIN 443thb TE(7,275) (VYII).I;1,IUHS) MAIN 444

*Z76 FORMAT(9H VYI = / MAIN 445

I ( 6X.G15.8.1H,,GS.elU,,G1S.8,1H,,G158,iIH, MAIN 446
WRITE(?,273) ( HI(ItI:1,IUHS) M...... MAIN 447

Z?3 FORMAT ( 84 HI / MAIN 448
___.. 1 (6X.G15.8,iH,,GZS.,,.H0*GS*8 l,,GS**lH,_..) -1 -,. MAIN 49

WRITE (7,279) MAIN 4SO
279 FORMAT ( 64 LENO ) ...... MAIN 451

WRITE (6,583) MAIN 452
WRITE (6*271) _ MAIN 453
WRITE (6,272) IMAX,(CI(1),:1,1IU0S1 MAIN 454
WRITE(6,274) (VXI(I).I:1,IUHS) ...... . MAIN 45S
WRITEr6*276) (VYI(r),I:1,IUHS) "AIN 456
WRITE(6,2T78 HI(II,I:1IUHS) . MAIN 457
WRITE (6,279) MAIN 458

210 GO TO 305 .... .... . MAIN 4S9
MAIN 460

L _.. . . .. . . .
. . .. , . .n, _ _mW Ill ( 1 l e e m - • - - m



C WE ARRIVE HERE IF PSTART=2 MAIN- 461
300 READ (S*KA4l3) MAIN 4.62

WRITE (693021 MAIN '.63
302 FO'NMATtIH ///// 27H4 NAM3 HAS JUST BEEN READ IN) MAIN 4.64

WRITE t6tNAM31 "AIN '.65
Ipg NPRNT .LE. 0) GO TO 305 MAIN 4 '66

C PRINT ArNOZPHERIC PROFILE IF 4PRNT *GT. 0 NA!?4 '67
CALL PPATSID MAIN 1468

C "AIN '.69
C CONTINUING FROM 270, 260, Z02, OR 303 "AIN 4.70

30S READ (59NAM4') MAIN '.71
WRITE (6,307) MAIN 4.72

307 FORMAT 1154 ///// 21H4 NANt' HAS JUST REEN READ IN) "AIN 4.73
WRITE 169NAM4) MAIN 4.74

C -MAIN 4.75
C COIKVERT T4ETKO FOOM CEGREES TO P4ANtS MAIN '.76

THETIC a 0.141591 * THETKO / 110.0 MAIN '.77
NON 2NOPI "AIN 4.78
MVP a NYRI -MAIN '.79

C INE AUSMAIN '.80
C COIhSTP.UCT TAPLE OF "N1O VLE AIN 1481

CALL T4BLE(OM1,Ot'ZVlV~,NCMNVPTHETKCO"lVP.INHOOE,NPRNTI MAIN 4.82
C "AIN '.83
C C04PUTE DISPERSION CURVES OF GUICED PO0DES MAIN 4$8&

CALL ALLMOO(NV~.POe,1AXtCMFOONVPKSTKFINCMMCVPftO. MAIN 485
I INHOV'EHETICKhOP) H AIN 4.86
IPINCMDL .LE. 6) GO TO 309 MAIN '.87
VEAO(5,NAM51) HAIN 485
KBEGIN 2 KST(MNGRI) MAIN '.89
KENDI 2 KFIN(HhGQO) MAIN 1690
KENOF = KBEGIN + NPGR0 + NPGRI I 1"AIN 4.91
IF(KENOF oLE. KENQI) GO TO 3085 MAIN 492
KFINPI x KENOI + I MAIN 4.93
KFINNO 2 KFINCN3FNO) *MAIN 4.94
00 3081 LL :- IFIIP19KFINSIO HAIN 4.95
L *KFINHD + KFINPI - LL "AIN 496
LNEW 2 L + KENCF - KENCI MAIN '.97
OMMOO(LNEW) 2 CIP"OO(L) "AIN 498
VP?100(LNEW) = YPP'OO(L) MAIN 4.99
AKI(LNEW) 3 AKI(L) MAIN S00
AMP(LNEW) z AMP(L) MAIN 501

3061 CONTINUE MAI4 502
HNGRO01 3 D4NGRO 4 1 MAIN 503
00 3092 KKL =MnGROP:,9MCFNO HAIN 504
KL x .'PGOPI + mOFNO - KI(L MAIN 5C5
KFINtKL) zKFIN(KL) + KENOF - KENDI HAIN 506

3062 KST(KL) KST(KL) + KEKOF - KENDI MAIN 50?
GO TO 3088. MAIN 508

3085 CONTINUE MAIN 509
KFINP1 = KFIN(VVIR01 + I MAIN 510
KFINMO 2 KFIN(POFNO) MAIN 511
00 3046 L 2KFIN.PlvKFINMO MAIN 512
LNEW a L 4KENCF - KENCI MAIN 513
omon(~lLNSW) =OMMOD(L) MAIN 51'.
VPMOOtLNEW) = VP~dOD(L) MAIN 515
AKI(L4NEwl = AKI(L) MAIN 516
AMP(LNEW) Z AriP(L) MAIN 517

3066 CONTINUE MAIN 518
MNGRGPI =MNGRO + 1 MAIN 519
00 3067 KXL ZMNGROP19PCFNO MAIN 520
KI * MNGROPI + MCF40 - KKL MAIN 521
KFIN(KL) z IFIN(KL) + KENOF -KENOI MAIN 522

308? KSTCKL) 2KST(KL) + KENCc KENGI MAIN 523
3089 CONTINUE MAIN 52'.
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KSTCHNGRI) 3 'CUEGIN . -MAIN 525
KFIN(NNGR1) Z KST(MNGR4I) + NPGR1 - I "AIN 526
KSTCNNGRC) 2 CICNR)*IMAIN 52
KFIN(NGR0J KSTCMNGRO) + NPrRO - I "At" 526
00 318 L 2 1.NPGRI MAIN 529
LNEW 2 KSTCHNGRI) + L MAIN 530
OMIIODCLNEWI = OMGR1CL) "A 1 .. .AI 531
VPMOOILNEW) = VPGRICL) "AIN 53 2
AKICLNEW) Z AKIGRI(L) - MAIN 533
AMPIEW) A"PGQICL) MAIN 5!4

3168 CONTINUE MAIN 55
.00 3069 L S 1.FFGRO "AIN 536
LNE4 2 KSTCNNGRe) *L I .. MAIN 53?
0"MOD(LNEW) = OMGRO CL) MAIN 536
VPIIOD(LNEW) = VPGRC CL) ..... AIN 539
AKICLNEW) 2 AKIGROCI) "AIN 51.0
AMO(LNrw) 2AAFGROCL) " AIN 511

366q CONTINUE MAIN 5462
309 CONTINUE -MAIN 54.3

o MAIN 5448
C CHECK TO SEE IF ANY I'OOES WERE FOUND MAIN 51.5

IF( ICWOP *GE. 0) GO TO 320 MAIN 54.6
C MAIN 51.7
C EXIT IF KWOO *LTo 0 MAIN 54.8

WRITE C6*311) KWOP MAIN 54
311 FORNAT (11 * 5HKWCP2* 13) MAIN 550

CALL EXIT MAIN 551
C " AIN 552
C CONTINUING WIT" 'CHOP .GEo 0 FROM( 308 " AIN 553

IF-(NPRNT *L=-. G) GO TO 350 MAIN S54
C PRINT NORM1AL (lODE CISPERSICK CUPVES MAIN 555

CALL MOOLST(NOFN]COMMCO,*VPMOOAKiKSTKFIN) MAIN 556
.0.. MAIN 55?
tCONTINUING FPON 32V OR 121 "AIN 556
350 IF( NPNCH *LE. 0) GO TO 360 MAIN 559

C "AIN 560
C PUNCH NAM5 DATA IF IKPNCH &GT. 0 .. MAIN 561

WRITE (7,351) MAIN 562
351 FORMAT 1 7'4 &NAMII . . . . . .. MAIN 563

'IUIS a IMAX * 1 MAIN 564
.WRITE (79272) ip8xCciCI),r21ixuHs) MAIN 565
WRITE(?*274) Cvyicr),I=1,r1JHS) MAIN 566
WRITE(7,9276) "VII,~,~lS AIN 56?
WRITE(7,27) f HiC(I) ,I!'.*IUJS) "AIN 568
WRITE (7,352) THETKD,1'CF(.D,(KSTCI),I:1,MDFND) MAIN 569

352 FOR1lAT (11H THETKO =,G2.6.8v!M9/!0H MIDVNO =,I39iN,/6H KST s.' MAIN 570
± 6XGl5.8,1H,,G15.8#.lG:5.5.1M,,G1S.5,1H, I AIN 571
WRITE(7.355) fKFINCI)91=l,'OFNO) MAIN 572

.35S FORMAT C 10H KFIN z/ MAIN 573
17 ( 6X.G1S.8diH,,Gl5.eIH,.G15.e,±H,,G15.8,IH9 " AIk 574
. 'LAST 2KFINJCUNG) " AIN 575

WRITE (7,357) (CMtOD(I)9I -1,KLAST). MAIN 576
35? FORMAT C 1114 ODID /. . .. MAIN S7?

I C 6XGIS.8,1H..G1S.(,1'4,vGl5.8,14,,G15.8.1N9 H AIN4 576a
WRITEC7,359) CVP 00I),12i.KLAST) ... H AIN 579

359 FORMlAT C 11H1 VCMOO = / MANN 560
1 C 6XG±5.'IIH,,GI5.8.IH,,G15.8,1N,,G1S.8,1H, MAIN 561
WRITE (79279) MAIN 562
WRITE (6,583) . ..-... . ~ - ... MAIN 583

WRITE (6,351) MAIN 581.
WRITE (69272) VfAXICI(I),I1*IUMS) MAIN 585
WRITEC6927's) (VX!(I)*I=1,IUHS) MAIN 586
WRITEC6927,) "'YCII1IIS AIM 567
WRITE(69275) CHI(I)*Z119UHS) MAIN 586
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WRITE (6.352) THETKDCFNO,(KST(I).IsIHMOFNO) "AIm 509
WRITE(49355) (KFN),I=,MnFNh . " ic sqo
WRITE (6,357) (CCMOOfl),I:1,KLAST) MAIN 591
WRITE(6,359 (VPvOO(I),I=XKLAST) "AIN 592
WRITE (6,279) . NAIN 593

C MAIN 594
C CONTINUING FRO 350 OR 351 "Aim ss

360 GO TO 415 "Arn 596
C .... .... AIN s97
C "AIN 598
C WE ARRIVE HERE IF ISTART33 ... MAIN 599

400 REAO (5,NAMS) MAIN 6c0
WRITE .(69403) MAIN 661

403 FOqHATt(14 I// 27" NAM5 HAS JUST BEEN READ IN) MAIN 602
WRITE (6,NAMS) MAIN 603

C "AIN 604
C CONVERT THETKO FROP DEGREES TO RAIANS MAIN 605

THETK 2 (3.14159) 4 THETKO / 180.0 "AIN 606
c ... MAIN 60?
C CONTINIJING FROM 360 OR 402 MAIN 6C8

415 REAO (59NAM6), ... MAIN 609
WRITE (6,417) MAIk 610

•417 FORMAT(IH //// 27H KAM6 HAS JUST OEEN READ IN) MAIN 611
WRITE (6,NAM6) MAIN 612

C "AIN 613
C COMPUTE YIELC NOEKEkOENT AMCLITUOE FACTORS FOR GUIOEO MOCES "AIN 614

CALL PAMFOZtZSCRCEZCBS,tPOFNOKSTKFINtONMO.*VPMOOAKI, MAIN eis
lAMPvALAMFACTTHeTKvNP~hr) MAIN 616

C . MAIN 61?
450 IF( NPNCH *LE* 0) 'GO TO 460 HAIN 618C MAIN 61q

C PUNCH NA7 DATA IF NCNCH *GT, 0 MAI4 620
... KLASt 2 KFIN(MOFKO) - . .. HAIN 621

WRITE (7,451)(AMc(I),I:1,KLAST) MAIN 622
.45 FORMAT ( 7H LNAM? / 9H AMP 3.1 .. M MAIN 623

1 ( 6XGlG5*.i,jG1S.edL',.65.8,1HG15.8*1,H, ) ) "AIN 624
WRIT2 (7,4521 ALdtFACT ... MAIN 625

452 FORMAT ( IGc ALAM ,G16iseH, / ION FACT :"G16*811H ) MAIN 626
WRITE (7,455) MOFNO,(KST(I),Ial*MDFNO) MAIN 627

40 FORMAT t ION MOFNO 9139,I/H,,S KST zf MAIN 628

S1' ( 6XGCSIStH, ,G11S,,1Htt1S~a,2HtGS*3tlH, ) I MAIN 629
WRITE(T7*55) (KFTN(I)v,1:,IOFNO) MAIN 630
WRITE (7,357) (OMHOC(1l,I:1,KLAST) MAIN 631
WRITE(?,359) (VP0OOlI)tI:,-KLAST) MAIN 632
WRITE (7,279) :.• ":MAIN 633
WRITE (69583) MAIN 634
.WRITE 16,45.) (AMP(I),I:*KLAST) " AIN 635
WRITE (6,452) ALAMFACT MAIN 636
WRITE (6,455) VOFNO,(KST(I),I 1lvOFNO) .. HAIN 63T
WRITE(6,355) (KFTN(I)I:.,rCFNO) "AIN 638
WRITE (6,357) (CM90Df(),I:I,(KLAST) MAIN 639
WRITE(6,359) (VPMOO(I)tI1iKLAST) MAIN 6.0

459 WRITE (6,279) . . ". . MAI 641M MAIN 642

C CONTINUING FROM 450 OR 459 M .. .. MAIN 643
460 GO TO 515 MAIN 644

C M........... MAIN e4s

C MAIN 646
C WE ARRIVE HERE IF NSTART:4 M . .MAIN 6'.?

500 REAO (5tNAN?) MAIN 648

WRITE (6,501) MAIN 649
SO1 FORMAT(IH I/// 27H NAM? HAS JUST BEEN READ IN) MAIN 650
502 WRITE (6,NAM7) MAIN 651

"AIN 65?
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C CONTINUING FROM 460 OR 502 MAIN 653
515 READ (5,NAMS) MAIN 654

WRITE (6,516) MAIN 655
516 FORMAT( I ///I/ 27H NAN8 HAS JUST iEN REAO IN) "AtN 656
517 WRITE (6,NAM6) MAIN 657

C "At" 658
C COMPUTE YIELC OEoENoEfIT APPLITUODS AKO PHASE TERMS OF GUIOEO POOES MAIN 659

CALL OOAPP(YIELPMHOFN0,KSTKFrqlCM'OoVPOo, MAIN 660
lAMPALAMFACTAt1;LTOPHASn) "AIl 661

516 IF( NPRNT .LE* 0 ) GC TO 58) "AIN 662
C THE RESULTS OF CALLING PPAPO ARE POINTEO OUT BY CALLING TASPRY MAIN 663

CALL TA9PRTIYI-LDtPOFND.KSTvKINOMMODVOH3OAPPLT0,PHAS0) MAIN 664
C MAIN E65
C CONTINUING FROM 518 CR 520 HAIN 666

560 IF( NPNCH .LE. 0) GO TO 590 "AIN 667
C MAIN 668
C PUNCH NAM9 DATA IF NONCH .GT. 0 MAIN 669

KLAST 3 KFrN(MOFNO) MAIN 670
WRIT: (7,5811 (APLTD(I),1=1,KLAST) MAIN 671

561 FORMAT ( 74 tlJAfI9 / 124 AMOLTO x / MAIN 672
I ( 6XG15.8,1H,,G1S.8,1H,,GI.58,IH,,GS..8,iN, ) M MAIN 673
RTE (7,582) (CHASO(I)*I=lKLAST) MAIN 674

562 FORMAT t.11H P'4ASn = / .MAIN 675
I I 6XG15.8.IH,,GlS*8,AH,,G1*5.,1N,,G15.SN, 3 3 MAIN 676
NRITE (7.4553 V0FNCtKSTf(tI=lMOFt4) MAIN 677
WRITE(7,3553 (KFIN(I),I=jMOFNO) 'MAIN 676
WRITE (7v357) (CAMOGCI),=I1,KLAST) MAIN 679
WRITE(7,959) !VOFOO(I),I1,KLAST) MAIN 680
WRITE (7,279) "AIN 681
WRITE 169533) MAIN 662

Sa3 FORMAT( 1H l//// 41H THE FOLLCW'4G DATA HAS JUST EEEN PUNCHEO) MAIN 683
WRITE (69541) (AVPLTD(I)9I.i*KLAST) MAIN 68.
WRITE (6,52) (P4ASO(I),tI=1KLAST) MAIN 68s
WRITE (6,45S) POFNCt(KSlf1t3I)z:MOFN9) MAIY 686

WRITE(6355) (KFItJ(qfI1,qPF,1C) ".MAIN 687
WRITE (6.357) (OMMOO(I),I:lKLAST) HAIN 686
WRITE(6.359) (VPPOO(I),I21,KLAST) MAIN 689

544 WRITE (6,279) MAIN 690
C MAIN 691
C COkTINUING FROM 580 OR 584 NAIN 692
S90 GO TO 615 . .......... .. H.. ... MAIN 693

C MAIN 694
C MAIN 695
C WE ARRIVE HERE IF ?START:S MAIN 696

600 READ (5,KAM9) MAIN 697
IF(NPRhT ,LE. 03 GO TO 615 MAIN 698
WRITE f6,601) MAIN 699

601 FORPAT(1H ////I 27H KAM9 HAS JUST BEEN READ IN) MAIN 700
•602 WRITE (6,NAM9) ... MAIN 701

C • MAIN 7C2
C CONTINUING FFO4 590 OR 602 ..-----... HAIN 703

61S READ (5,NA410). MAIN 70.
WRITE (6,616) . MAIN 705

616 FORMAT( 1H ///I/ 28H NAP1 HAS JUST BEEN READ IN) MAIN 706
WRITE (6,NAIO). MAIK 70?

C . AIN 7C8

C COH*UTATIO4 CF WAVEFORM "AIN 709
CALL TFPT(TFIRSTTENOOELTTROflS*fFNOKSTKFINDMMOVPMODDAKI, MAIN 710
IAMOLTOPPASQ91OPT) ... .... ......- MAIN 711

C MAIN 712

C REPEAT FOR NEXT WAVEFORM HAIN 713
GO TO I . .' ..MAIN 714

C MAIN 715
C WE ARRIVE HERE IF ISTART 26. MAIN 716
C ENOPLOT TERMINATES THE CALCCMP TAPE FILE. MAIN 717
CALL PLOT(O,9.,999) MAIN 714

CALL EXIT MAIN 719
ENO. MAIN 720
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SUSROUTINE AAAA(O"EGA*AKXtAKYCvVXVYe41 AADAA I
C £444 (SUBROUTINE) 7/25/68 LAST CARD IN DECK IS A444 2
C AA4A 3
C ---- ABSTRACT---- 4444. 4
C AA944 5
C TITLE - £44 AAA4 6
C THIS SU3ROlUYINE CCPUTES THE 2-BY-2 "ATPIX A OF COEFFICIENTS AAAA 7
C IN THE RESICUAL EQUATIONS AAAA a
o AAAA 9
c O(P111)/OZ a (AI1)OPHIt + (Al?)*PH12 AAAA 10
C AAAA 11
C 0(PHIW)OZ x A21)*PHII + fA22)#0HI2 AA44 12-
o AAAA 13
C DERIVED BY A. PIERCE* J. COMP. PI4YS., VOL, It NO. Is 3439-3669 A4* 14
C 1967. (SEE EMH t101 OF THE PAPERel T'IE EXPLICIT rEXrFzSSIONS AAAA 1
C FOR THE A(IJ) ARE AAAA 16
C 444£ 17
C 4(1.1) 2 G'(K/PlMI2 - GAM4A*G/f2#Cf#2) AAAA to
C A(1921 a I - (CvK/9OMV4#2 AAAA 1.9
C A(2,1. 2(tG4Klf9O1C)l**2 - (804104#'2 4AA 20

C 4122) a -Atlet) 4444 21
C 444 22

o NHEPE GAMmAx1.4 IS THE SPECIFIC HEAT RATIO, G290391 KH/SEC*42 AAAA 23
C IS THE ACCELEFATICN CF GPAVITY9 C IS THE SOUN~D SPEED* K IS THE AAAA 24
C HORIZONTAL WAVE NUMBER AND eOP IS THE DOPPLER S4IFTEO ANGULAR AAAA 25
C FREOUENCY AAAA 26
c AAAA 27
C LANGUAGE - FORTRAN IV (360. REFEREWCE MANUAL C22-6515-41 AAAA 28
C AUTHOR - A.O.PIERCE, M.I.T., JULY,1968 AA 29

C4WA 30
C ~--CALLING SEQUENCE~-- AAA3
C 4444 32
C SET SUSROUTINES ELINT, PhMP, NAHPOE, NMOPN - -. . 44 33
C CIMENSION A(2,21 AA.444 34
C., CALL AAAA(OMEGAAKXAKYCVXVYAl . -444 3S
C AAAA 36
C NO EXTERNAL SUgROUTINES ARE QEOUIRED . A . 44 37
C 4444 38

V ~ --- ARGUMENT LIST---- AA..A 39
C A44A 40
C OMEGA R'16 NO INA ___ 4444 41

C AKX' R4 ND INP £444 42
C 4KY R*4 NO IMP . AAAA 43
C C R*4 NO INO AAA 44.
C .VE R'4 NO INP .AA 9 .. * .. ,....4 5
a VT R*4 NO INP AAA 444
C A R64 2-BY-2 OUT AAkA 4.?
C 4444 48
C NO COMMON STORAGE IS USED - ,.*- 44 49

C 4444 50
C .- *--INPUTS---- 4444 51
C £444 52
C OMEGA =ANGULAR FqEOUrNCY IN RAO/SEC AAAA 53

C AKX XK CCMPONEKT OF HO;IZONtAL WAVE NIHE ETRT /MAA 54
C 4KY ZY CCMPONEKT OF HORIZONTAL WAVE NUMBER VECTOR IN I./KM AAAA 55
C C XSOUKO SC~o IN KM/SEC 4444 56
C YE =X COMPONEKT OF WINC VELOCITY IN KM/SEC 44*4 57
C VY nY CO.1OONENT OF WING VELOCITY Ill KM/SEC 4444 158
C £444 59
.0 ----OUTFUTS---- £444 60
C 4444 61
C A(l,4) =(1,4)-TH ELEMENT OF MATRIX A OF COEFPICIESTS IN THE 44462
C RESIDUAL ECUATIONS AS DEFINED IN THE AOSTRACT9 44*4 63
C 4444 64
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cAAAA 65

c AASa 67

OZHFNS!ON A(292) AAAA 6o

fOHS~zfOEGA-AKXVX-AKYVY*2. AAAA 69

csQ*c*C 
AAAA 70

-gT2 AKX*ZAIY2) ISQMSa AAAA 71

A(lvi)s.9Ot38*T.0686/CSn AAAA 72

C CAMA*G/2 IS *00646 
AAUA 73

A(19Z)21.OCSQ*T *AAA 7'.

A(2l) :( (96*C4E-6)*T-9C4S2)/CSO AAAA 75

C G**2 IS 96904E-6 KM**2/SEC#44 AAAA 76

A(29t~zA11) AM 77

*RETURN 

AAA 7s

END. 
AAA 79



-80-

ISue8ROUTINE A51(ONC,0HM2.A1.A2,CTR!G1,STR!G1,CTRIG2. 1K
I STRIGZ*OELP *DK!!NT) AK! 2

C AX JAB;UIjNj;) A: S5166 LAST CARD IN DECK IS AK! I
C ---- ASSTRACT---- .. AK!

0C4 ANTL 0H.FLCIN H KHO FAI .GO4S AK! 13

C RES.. VOL. 65 (1960), ? 29-740 1# THE INTEGRAL IS AK! 14
C READILY EVALUATEO A AK! 1s

CAK! 16
C 1PHI")*("1 * (At "(H-H) SINIPNI!*X) AK! 17
c AK! 18
C *+ 0*H1"*(-21 * A"4COS(PH!! + X) .AK! 19
c ... . . AK! 25
C 0N"*1 (A!t A" 9 (0HZ - 0141) StNIPH1I-X AKr 21
C -*4"t-)AK! 22
C P*'*t2 A" *COSIPI4! - X) AK! 23
C. . AK! 24
C WHERE AK! 25

cAK! 26
C A! AVERAGE VALUE OF A i-. INTERVAL AKt 2v
C *PM!! 3 AVdERAGE VALUE OF D'lI IN INTERVAL AK! 26
C A** x O(A) / O(OmEGA) AK! 29
C PH!" a O(PH!) / OtICHEGA) .. .AKI 30
C X 0PHI" 4 OHZ -OHL) / 2 AKI 31

SAK! 32
C A SOMEWHAT MORE CONVENIENT FORMULA OBTAINABLESY TRIGONO AKi 33
*C METRIC IDENTITIES IS - .AK! 34
C AK! !5
*C AMINT a 2 * PHI*(-11 *A! * SIN(KW COS(PH!!) AK! 36
C AK! 3?
*C 4.2*P14"*-2) *A" 4CX 4 COSIX) SIM()) AK! 38
C AK! 39
C *Stf,(PHI!) . .*** AK! 40
C AK! 41
C NNENEVER X IS SHALL. SUh(X)#X ANO COS(X) ARE ZVALUATED 8 AK! 42
C USING THEIR POWER SZO!ES REPRESENTATIONS. AK! 43

CAK! 44
C LANGUAGE - FORTRAN IV (363* REFEREN~CE MANUtAL C201-651!-4) AK! 45
C .AK! 46
C AUTHOR.S - A*0.PIEQCE ANC JoPOSEY, M.!.!;, AUGUJST91968 AK! 4?
C . . . AK! 48
C AKI 49
C. a ... US AGE ---- AK! so
C AK! 51
C NO SUaROUTINES ARE CALLED AK? 52
C AKr 53
C FORTRAN USAGE ... . . . . . ... AK! 54
C Ax! 5
C CALL AKt(OHI,0H2,AIA2,CTRIGISTRIGICTR!GZSTRIGZ, AK! 56
C I DELPIIAKIINT) . AK! 5?
C. .. . . . . . . .AK! s8

C INPUTS AK! 59
C AK! 60
C 0141 LOWER LIMIT! OF INTEGRATION OVER ANGULAR FRECUENCY AK! 6L
C R#4 (RACIANS) AK! 62
C AK! 63
C 0112 UPPER LIMIT 0F INTEGRATION (RADIANS) AK! 64



c R4 AK! 65
cAK! 66j C l VALUE~ OF'A AT OMEGA - ON%1 AKI 67

c . . AK! 68
c AKI 69
C A2 VALUE OF A Ar OMEGA x 0112 AK! 70
C R'L4 AKI 71

AK! 72
C CTRIGI COSEPV:) WIERE OMEGA fl 0111 AK! 73
C R'4 .AK! 74.
C AK! 75
C STRIGI S!N(PH!) NHERi OMSGA a 0113 AKI. 76
C R'I. AK! 77
c AK! ?a
c OELPH CHANGS IN PHI CVER THE INTERVAL C PH!(OM2Z1 PWZ(OM0 AK! 79
C R104 .. (RADIANS) . . .*. AK! . 8

C OUTPUT$ AK! 82c AKI 83
C CTRIG2 COSIv*H!) WHERE OMEGA O 012 . .AK! 84
C R*U. AK! as
C AK! 86
C STRIGi SIN(PH!) WHERE OMEGA V 011 AK! 67
C R*4 AKI 88
C AK! 49
C.. AXKUNT VALUZ OF XKTE6RAL OEF~bED IN ASSTRACT IN UNITS Of AvO1IEG AK! 90
C R" AK! 91
C .... *. AK! 92o AK! 9
C . . - ... *IROGRA FOLLOWS MEOW---- AK! 9'.
c AK! q5
C . AK! 96

OELOMx0M2-OM1 AK! 97
DELAAvA2-Al AK . 989

C AK! 94
A!3(AZA)/2.0 AK! IG0
X30ELPN/200 AK! 101.

STRXxS~k (9) AK! 103
CTR!Gj=CTRrGI*CTrRX-STR!1eS7RX -*** -AK! 1042.STR1GI:S RptG1CCTQXCTRrG1.STRX AK! 105
cTRrG2=CTRIGI*CTqX-STPIGI*SI 4X . AK! 106
STj2SRG*TXCRG*~t AK! 107
1F(A8S(XU-1.0E-2) 20,20.10 AK! 108

10 SluSTRX/X AK! 169
S2vCSI-CTRX) /X**2 AK! It0
GO TO 30 AK! 111

20 S1=1.0-(I.0/6.0e*XeC2,(1.0/120.0e*Xee AK! I12
SZ:(1.0/3.03-C2,O/30.0 *X42+i1.0/840.0)eXea' AK! 113

30 AKI~(IS*rIIULACLHO2O2S~~)OLt AK! 114
RETURN AKI 115
END AK! 116
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SUBROUTINE ALLmOD(NROWhCOLHAXPOOMOFN6OVP,CSTKINOP00 ALLMOO I-
I VPMOOINtIOOE9THFTI(,KHOP) AU..M0O 2

C ALLMOD (SUBROUTIN'E) 6/25/68 LAST CARO IN DECK IS ALLROO 3
c ALNOO 4
c ALINGO 5
C YZtTLE -L"0 AALINQ 6
C P~iOGRA" TO TAeIILArE DISPERSION CUR~VES Or UP TO "AXMOO GUICED ALLHOO 7

flO0SS. ONLY COP.TIO1S 0OF CURVES WITH OMEfGA BETWEEN 011() AND ALLPOO a
o OM(NCOLI ANC WITH PHASE VELOCITY HlT.4EEN V0(NCOL) ANC V2111 ALMOO 9
o ARE TAPULATSO. THE ANGULAR CEVIATION OF GROUP VELOCITY OIREC- AILMaD 10
o TION FROM -'HASC VELCCITY DIRECTION THETK IS NEGLECTE3. ALMO0 It
o SUCCESSIVE IIOCES hUeeEREO FROM I TO 4OPNO ARE EACH TAPULATED 8 ALLI400 12
c CALLING SU3*CUTINE tVOCETR. STARTING POINTS FOP EACH MODE A-RE ALLP'OO is
C FOUNC BY CALLING SUEROI~fINE NXMOOE-. THE NORMAL MODE CISPEpsID ALLPOO 14
C FUN~CTION (4,9 SHCIULC BE fJEARLY ZERO FOR EVERY TASULATEO -01N ALLMOC is
C ON EACH DISPERSION ^CUfVS. THE COMPUTATIONAL PETHOO IS BASED ALLMOO 16
C ON THE PREVIOUSLY CCMFUTEO VALUES OF THE NMOF SIGN 4111400 17
C rN40E((J-W)NROW#I) AT POINTS (i,Jl IN A PECTANGULAR ARRAY OF ALLP.OO 18
C WROW ROWS A1ND NCOL CCLUVNS. CIFP.ERENT COLUMNS (J) COPRESFONO ALLMOO 19
C TO nIFFrEREWT ANGULAR FREQUENCIES OM(Jl WHILE CIFFERENT ROWS (I ALIMOD 20
c CORRSPONJ TO OIFFE;R-Nr PHASE VELOCITIES VP(l). IT IS ASSIJMEO ALLMO 21
C THAT VPU,) .GTo VFfel .GT. VP12)9 ETC. DISPERSION CURVES A LL1140O 22
C OF VARIOUS MCCES APPEAR ONJ THIS ARRAY AS LINES OF DEMIARCATION ALL1.OO 23
C DETNEEN ADJACENT REGICNS WITH opposITE iNmODE IT IS ASSUM1ED ALLMOO 24
C THAT OISPERSICN CURVES SLOOE OOWNWAPOS. MODES ARE NUMBERED ALLMOO 25
C STARTING FRCM LOWER LEFT OF INHODE ARRAY. ALLMOO 26
C - ALLHOO 27
C PROGRAM NOTES ALLMOO 28
C ALLMOO 29
C THE ARRAYS 0P00 AND VPMOV' ARE USTO TO STORE DISPERSION ALfLMOO 30
c CURVES FOR ALL THE MOCES TO CONSERVE STORAGE. FOR THE ALLI~nO 31
o NMOOS!-TP MODE, VP1,OO(KST(NMODE-),K-1) IS THE PHASE VELCCI ALLPOO 312
C CORRESPCNOING TC ANGULAF FRrlUTNCY OF O"MOO(KSTtNMOOE)+ ALLMOO 33
C K-I). THE PAIR OF VALUES CORRESPONDS TO THE -C-TH TABULA ALLMOD 34
C POINT FCR THE roOE. THE LAST TAaULATEO POINT FOR THE ALLMOO i5
C NMODE-TH 110CE IS LAI3ELEC BY THE 0410 V0hiOC(KFIkINMflCE))* ALL1100 !6
c OMMOD(KFrN(NMCC=)). THUS DMN)O(K), VPMODOCKI FOR ALLMOO 37
C* K *GE* KST(NI4OCE) AND0 K *LT. i.FIN(NMODE) OESCRIVE THIE AILMOD 38
c NMODE-TN MOCE*-S DISPERSION CU&VE. £111400 39
L. ALLMOO '.0
C THE FLAG KNOP IS NORPALLY RETURNED Af' 1. HOWE-VER, IF ALL1.OD '.1
c NO DISPERSION CURVES ARE TAIULATE0, 1700P IS RETUR4EO AS ALLMOO 42
o cI ALLMOD '.3
C ALL1400 44i
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL CZZ-6S15-4) ALLMOD 45
C AUTHOR - A.D.PIERCE, h.I.T.o JUN~vt968 ALLMOO 46
c ALLMOO 1
c ---- CALLING SEQUENCE---- ALLI400 48
C.. AILHOD 49
C SEE MAIN PROGRAM9 ALLMOD so

_c DIPENSION O1(100),VP(100)KST(0),KFIN(0)OMMOO(1000)VPHOD(1000 4111400 51
c DIMENSION INMODEfIO0O) ALL1400 52
C DIMENSION CI%:0oo),vxitiao),vyi(10o)Hiti(oo) ALLHOD 53
C THF SU3ROUTINE USES VARIAeLE DIM~wNSICNINGo THE ASSIGNMENT$ A8OVE ARE ALLP.OD 54
C THOSE GIVEN BY 'lAIN OROGRAM . .~.ALLMOD 55
C COMMON IPAXCIVYIVYIHI £111100 56
C ATMOSPHERIC VARIAOLES MUST EEC IN CCI'PON SEFORET ALLMOD IS CALLED. *111100 57
C CALL ALLMOD(HiRCW.NCOLMAXMOOMOFNOOMVOKSTKFINOPMOOVFMOD. £111100 56
C I INM3OE9THETKvKWCP ALLMOD 59
C ZFtKWOP .NE. 1) GO SOlIEkHERE ALLMOO 60
C - ALLMOO 61
c ~--EXTERNAL SU9ROUTINES REQUJIRED---- £111100 62
C £111400 63
c NXNODEMOOE-TR.NXTPNTRT1FNPOO .F'MOD2,NMDFNAAAARRR~,MPqM.vCAI, 4111100 64
C . ALLMOD 65
C NXHOOE AND MCOETR ARE EXPLICITLY CALLETI. THE REST ARE 4111400 66
C IMPLICITLY CALLEG BY CALLING tIQDETR. FOR FUJRTHER INFORPATION 4111100 67
C . ON IBM1 SCIENTIFIC SUBRWOUTINE PACKAGE QOUJTINE RTMI, SEE DOCU- 4111100 £8
C MENtATION OF MODETRo ALIND 69
C ALLMOD 70
C ---- ARGUMENT LIST---- .. ALIMOD 71
C AI11100 72
o NROW I".4 NO INP -ALLMOO 73
C NCOL 1*4 No INP ALINQO 74
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NO ZNP .. . ALO

C ON 6 No OUT AL40 74 N * VAR IND LN'7
c VP R VAR IND ALLHOO ?

C EST 16t. VAR OUT .. ALLHOD 79
c KF!N Tea. VAR OUr ALLHOO 80

*C OMOO R*4 VAR OUT . . . . .ALLNOO SI
C MOO Rca. VAR OUT AtLKOO 82

C ZtPOOE I'. VAR INP .. .ALLPOO 83
C TNETK R*4 NO ZND ALLMOO 84.
C KWOP 164 No OUT ALLWOO as
C ALLNOO 86
C COM"CN STORAGE USEOD ALLHOO a?
C COMMON ZMAX.CI.VXIVYI.HZ.OMEGAC.VPNSEC.TNETKP ALLHOO Am
C ALLP.OO 89
C ZMAX 144 NO INP ALLM1OO qO
C .l R'. 100. IMP ALLHOO 91
o X R#4 100 ZNP ALLMOO 92
C VY! R*4 100 IND ALL"OO 93
C "I R'.. 100 ZND ALLIIOO 94.
C OMEGAC R44 NO CUT (USEC INTERNALLY) ALLMOO 95
C VPHSEC R*4 NO OUT tUSEC INTERNALLY) ALLMOO 96
c THETKP R*4 NO OUT (USED INTERNALLY) .ALLHOO 9?

C ---- INPUTS---- . *ALLNOO 99
c ALLMOO 100
C NROW mNU6eiR OF ROWS ZN INUIOOE ARRAY. MAXIMUM INDEX OF ALLMOO 101
o WPMN) ALLMOO 102
C NCOL *NUMBER OF COLUMNS IN ZNHOOE AR9AY*. MAXIMU1M INDEX OF ALLPOO 103
c 014M(w). .. ALL-400 104
c C AXHOO x"AXIt4UM HUP.!ER Oc MODES TO eE TABULATED ALLMOO 1D5.
C 0N(N xANGULAQ FREOUXENCY OF N-TN COLUMN IN INMODE ARRAY ALLMOO 106
o Vp(N1 20HASE VELCCITY OF N-TN ROW IN INMOOC ARRAY ALLPOO 107
C INMODE x1,-I, CR 5 CEPENOING ON WHETHER SIGN OF NORMAL MODE ALLMOO 100
C DISPERSICK FUNCTION IS + OR -9 5 IF NPCF DOESNT EX:S AtLHOO 109
c THE (J.119N0OW4I-TN ELEMENT CORRESPONOS TO NMOF WHEN AL..NOO 110
o ONEGAXOM(Jl, OHASE VELOCITY4VPCI). ALLP.OD III
C THETC SPHASi VELCCITY DIRECTION IN RACrANS RECKONSC COUNTER ALLPCO 112
c CLOCKWISE WITH RESPECT TO X AXIS. ALLHOO 113
d INAX UNUm9ER OF AT.CSOHEQIC LAYERS OF FINZTE THICKNESS ALLMOO 114
c Cif(Z wSOUKO SPEEC I4 I-TV LAYER ALLHOO 115
c VXZI) xX COMPONENT OF WINC VELOCITY IN I-TN LAYER ALLP.OO 116
.0 VYI(I) xY CCMFONckT OF WINO VELOCITY IN I-TN LAYER ALLMOO 11?
c HZIM xTMICKNESS OF I-T4 LAYER ALLMOO 118

.0. .. ... ... ... ... ... ALLMOO 119
c ---- OUTFUTS---- ALLMOO 120
C . .- ALLPOO 121
o HOPNO XNUMBER CF MODES FOUNO ALLMOO 122
C . -1(5(N) xIhOSX OF FIRST TAEULATSO POINT IN N-TN MOOE ALLMOO 123
C KFZN(NI xINOSX OF LAST TA3ULATZO POINT IN N-TH tlOOE. IN ALLIIOO 124.
c GE -ERAL* KFIN(N12KST(Nf1)-1. £LL"OO 125
c 011100(N xAPRAY STGAING ANGULAR FREIUENCY ORDINATE OF POINTS ALLDIOD 126
C - . . ON CISPERSION CURVES. THE NMOCE MOCE IS STORED FOR ALLMOO 12?
c N BETWEEN KSTfN40OCE) AND KFIN(NMOOE). ALLMOO 128
C VPMOO(N) wARRaY STORING PHASE VrLOCITY ORGINATE OF POINTS ON ALLMOD 129
c DISPERSION CURVES. THE NMCDE-TH MODE I$ STORED FOR ALLMOO 130
C N BETWEEN KST (N4~OCE-) AND KFIN(Nt1ODE) * ALLMOO 131
C KWOP z-I IF NC MODES APE TA9ULATEO. OTHERWISE IT IS 1. ALLMOO 132
..C O"EGAC =INTERNALLY USED FRTECUzNCY TR.ANSMITTED APONG SUORDUTI ALLMOO 133

CTHROUGH CCIIHDN ALLMOO 134
O VPHSEC =INTERNALLY USED PHASE VELOCITY TRANSMITTED AMONG ALLPOO 135
c CsueROUTINES THROUGH COMMON ALLMOO 136
C THETKP xSAME AS THETK -. .... ~~____ . . ALLMOO 137

c ALLMOO 138
C_. . . . -- EAPE--. . . ~ - ._ ALLtHOO 139

c ALL'OO 140
C SUPPOSE THE TAELE OF IKMCOE VALUES IS AS SPOWN BELOW WITH ALLMOO 141
c ALLMOO 142
c .......-.. NROWz6v NCOLIO - .: ... ALLMOO 143
C *--t ALLMOO 144
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C 4#~::: IF hAXMOOAO.9 YOU S4OULD FIND HDFNDxe. ALLPOU1 11.5

C++ *++ KST(1)m2. KFIW(1324 0MkCt1-361 HUL ALUIoa 1t47
C54+-*..... KST(2)*5 KFlkd2)2t4 VDI4OO(1-36) TAiUiATE ALLP.IO 11.8

C _..KST(!I'11 KFINt3)s2i £LLHOO 149 j
CKST(1.1u22 'CFIN('d=2q ALLMOO 150
CKST(3)23O KFIN(5)231 XLLMOD 151

C KST(6)235 KFItN(6)236 ALLMOD 152
C .ALLHOD 153

C ALLMOO 154
C ...---PROGRAM FOLLOWS BELOW---- ALUCOD 155
C ALLMOD 156

CALLMOO 157
C 4LLMOO 158

DIMENSION CI(100).VXI(100),VYI(AOC),HI(IGOI ALL10OO 159
DIMENSION OH(1),VP(AiKSYC1),KI%(.),oMMoI~fl)VPnOO(LI1)NNOOEt1) ALLMOD 160

COMMON IfAXC1VXIVY1,NIOHEGACVOHSECTHETKP ALLlIOO 161
c HT~T4T ALLMOO 162.

C ALL40O 165
C AT THIS POINT, WE I4AVEN-T POUND ANY "ODES ALLtIOD 166

H OFNOS . ALLMOO 167
C ALLHOD 168a
C WE START SEARCH FOR RIRST PCCC IN LOWER LEFT CORNZ-R CF INMODE ARRAY* ALLPOD 169
C WE SEEK A POINT WITH INMCOE oNE. 5 WHERE THE NMOF EXISTSO ALLMOO 170

NNMOOEa ALLMOD 171
KST(N4OOE121 ALLFiOO 17?
ISTNROW ALLMOO 173

o AILPOO 174.
C THE SEARCH GOES TO THE RIGHT. IF WE OON-T FIND A POINT IN THE 90TTOM ALLMOD 175
C ROW, WE TRY'THE (NROW-11-TH ROW, ETC.. AT STATEMENT 2 WE ARE STAFTING ALLr.DD 176

*C AT THE LEFT OF A GIVEN ROW* ALLrOD 17?
2 JST22 ALLMOD 178

.. 3 JS0a(JST-I)*NROW+IST .*ALLMOO 179
IosINMOOE (J50) ALL1MOD 180

* I .NE. 5) GO TO 10 *:ALLMOD 1a1
C ALLMOO 162
C IF JST IS NOT NO WE GO TO THE RIGHT* ALLMOD 163

IF(JST .EO. NCOL) GO TO 5 ALLMOD 184
JSTxJST.1- . ALLMOO 185
6O TO 3 ALIMOO IA6

C ALL WOO 147
C0 AT THIS POINT WE HAVE EXHAUSTED AN ENTTI1E ROW. W5 GO TO THE NrEXT ALLHOO 188
C HIGHER ROW FROVIDED IST ohEo le IF IST IS It THE ENTIRE SET OF ALLMO0 189
C INMOOES ARE 5. ALLMOD 190

. .5 IM(ST oEO 1) GO TOT I - . ~ - . . . . ALLMOD 191
ISTuIST-1 ALLMOO 192
G..O TO 2 .. . . . . .. *ALLMOD 143

C ALLMOD 194.
7 WRITE (6,61 ALLMOO 195
4 FORMAT(ING,5INTHE NORMAL MOD-- OISP7RSION FUNCTION DOES NOT EXIST ALLMOO 196

* .I 26HFOR ANY POINT IN THE ARRAY I N .ZZHALLMOO RETURNS KWOP-1) ALINOD 19?
1 KWOP=-l ALLMOD 198

RETURN . . A* LLPOO 199

CSTATEMENT 10 IS START OF LOCOP. EACH PASSAGE THROUGH LOOP CORRLSFDNDS ALLMOO 201
C TO A GIVEN MODE. ALLNQO 2V2

10 CALL NXMODE(ISTJST.,NCCL.NROWZNIFDDEIFNOJFNOKEX), ALLPOO 203
C ALLMOO 201.
C IF YOU CANNOT FIND THE FIRST MODE YCU ARE IN TROUBLE ALLMOO 205

IF(NMODS .NE. 1) GO TO 15 ALLMOD 206
IF(KEX .ED* 1) 6O TO 15 ALLP'OD 207
WRITE (6,11) ALLMOO 208
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11 FO.RKAT(1t4036HNXPOOE COULD NOT FIND THE FIRST MODE/ I1" ALLRO0 209
I2"ALLNOD RETURNS KWOP-1) ALLNOo 210
Go TO 9 .. ALLMOOI 211

C ALLP013 212
C Ir THE MODE SOUJGHT IS NOT THE FIqST AND YOU CANNOT PING IT# THEN THE ALLPOD 213
t: RETURN is CO1rSIERED SATISFACTORY., ALLMOCY 214

15-IF(KEX *EO. -1) GO TO 50 .- AUNMOO 215
C ALLFOO 216
C WE NOW TABULATE T4E NIIOCE-IT" MODE ALLNOO 217

CALL NMCDqTP( IFND.JFKDd.PCOEKSTKFII.OMhlODVPOONROWNCOLIMNOOE ALLNOD 218
I OH.VP9KRUO).....................- ALLPOa 219

C ALL14O0 220
C IT IS OOUaFUL THAT K4UD COULD PE -it HOWEVER, IF IT 010 HAPPEN* WE ALLI'OO 221
C WOULO LIKE TO KNOW THAT IT DID. ALL"OO 222

IF(KRUD oEl. 1) GO TO 30 . . . . . . . .ALtHOO 223
WRITE (6.21) NIOCEtIFNO*JFNO ALLMOO 224

21 FORMAT(IH4923H1OCETR RETURNS KPUOs-1.,2X,25HCURRENT VALUE OF N"O00 ALLI400 225
1 IS. 14. 314. , SHIFNC~, 1493'4, 9 5HJFNO:. 14/ IH 927NGEE COCU" ALLMOO 226
ZNTATION OF ALLMOC) .ALLIWOD 227

C ALLPOO 226
C WE KEEP NNO THE SAPE ANC TRAtkSFEF CONTROL TO STATEMENT 35 ALLMOO 229

GO To 35 ALLMOO 230
30 HOFNO*PCFND~1 ALLMOO 231

C ALLNOO 232
C THIS IS THE CURRENT KUMSEA OF MODES FOUND. ALLtIO( 233
C WE NOW CHECK IF THIS IS I'AXrOO. IF IT IS* THE RETUIRN IS WITH KWP1. ALLMOD 234

IFfIN'C .O. KAXHOD) GO TO 50 ALLNOO 235
NIIODEXNNOOE4I ALUW~OD 236

AILLMOO 236

C ESEEK OIEW IST AND JST eEFCNE CALLING NXHOOEo ALLMOO 239
35 J522(Jvkb-1)NROWIFO ALILMOO 240
* OsINMODE(j52) . . . .ALLIIOD 241

IFIPO *Eqo 1) GO TO 4.0 ALLHOO 242
c..~~ ~ . ALLMOD 243

C WE CHECK INHODE OF POINT AeOvE .ALL1400 24.4
J32(JF4JO-1)*NROW+IFNO-l . ALLIIOD 245
IUPmINI"ODE(J3) ALLNOO 246

C A LLMOO 24?
C IF THIS IS -109 THE POINT AeOVE IS THE ONE DESIRED ALLMOO 248

__ IMCUP .NEe -10) GO TO 40............... . ALLMOD 249
IST2IFNO-1 l ALLMOO 250

* JSTvJFNQ ..- . . ALLNOO 251
GO TO 10le- ALLMOO 252

CALLMOO 253
C WE CHECK INMODE OF POINT TC RIGHT. THERE IS NO PLACE TO GO IF JFND2 ALLMOD 254
C..NCOL. THIS IS INTEPORETED AS SUCCESS *ROVIDING UIOFHO sNE. 0. ALLMOO 255

40 IF(JFNO *NE, NCG0L GO TO 43 . ALLMOO 256
60OTOS 50 *.*** . ALLMOO 257

c ALLNOO 258
C IRT IS INMOOE OF PC~hT TO RIGHT .- ...... . ALLNOO 259

.542 JFNO) *NPOW4+IFNO .'ALLMOO 260
IRTxIPOE(J4) . . .. ______ .~. ALLIIOO 261
IF(IRT *NE* -10) GO TO 50 ALLMOO 262

- ISTxIFND O -.. - ALLMOO 263
.JSTSJFND4I ALLMOO 264
GO TOIG-------- 10,. .. .~ ALLMOO 265

C ALLMOO 266
C, THE SEARCH HAS TERMINATEC. IF HODFND=09 WE HAVE eEEN. UNSUCCESSFUL. AILMOD 267

50 IF(MOFNO *EQ. 0) GO TO 9 ALLMOD 268
KWOP=I ALLNOD 269
RETURN ALLNOD 270
END. ...A.LLOO 271
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SUBROUTINE ANBNTCZ#PRESURo,) AotRV t
c A"OKT (SUBROUTINE) 7127166 LAST CARO IN aECK iS A£WrT 2
c A vNr 3
c ---- ABSTRACT ---- AHMNT
o AYDKT 5

C TITLE - A"ENT Astr, 6
C THIS SUqROUTINE CONFUTES THE AMeIENT PRESSURE IN CYNES/CM*62 AMIENT 7
C AT A GIVEN ALTITUDE Z K" BY USE OF THE EQUATION A."NT 8
c ABIST q
o PRESUR (.E6)-EXF(-TEGQAL FROM 0 TO Z OF nAMMA'G/C- 2) ANqKT 10
o ANONT 11
C WHERE 1.56 CYNES/C"0*2 IS THE AMBIENT PRESSURE AT THE GROUNO, AMSNT 12
C GAMN"AsI.4 IS THE SPECIFIC HEAT PATIO FOR AIR, G.009 KMSEC46 AMPHNT 13
C iS THE ACCELEFATZON OF GPAVITY, AND C IS THE ALTITUDE DEOENCEN A~fINT t4
C SOUND SPEED IN KM/SEC. THE A9OVE EOUArION FOLLOWS FROM THE AMHNT i5
C HYOROSTATIC SCUATICK O(PO)tOZ a -GOROU ANO THE IDEAL GAS LAW AMlANT 16
C C*62 z GAINA O/RHO0. AIMNT IT
C AllerN i
C THE SOUND SPEED PPOFILE IS THAT OF A MULTILAYER ATMOSPHERE AND AMANT 19
C IS FRESUMEO TO DE STORED IN COMMON BEFORE EXECUTION. THE AMANT 20
C PROGRAM ALSO RETURNS THE INDEX I OF THE LAYER IN WHICH Z LIES. AMONT 21
C A"PNT 22
C PROGRAM NOTES AMSNT 23
C ANeNT 24
C IN THE EVENT THAT THE ZNPUT VALUE OF Z SHOULD RE NEGATIV AHBNT 25
C THE FIRST LAYER IS ASSUMEO TO HOLD FOR Z *LTe 0 WITH THE AM8NT 26
C AHZENT PRESSURE STILL EQUAL TO 1,56 AT ZX4. THE PROGRA ANGhT 27
C RETURNS PRESUR ,GT. 1,E6 AND 1:t. AMONT 28
C APSNT 29
C LANGUAGE - FORTRAN IV (60 REFERENCE MANUAL C22-651S-4) AHONT 30
C AUTHOR - A*D*PIEqCE, Pe.IT.. JULYv1968 AMBNT 31

- AHBNT 3z

C -- CALLING SEOUEflCE---- AlIGNT 33
C .. AMONT 3'
C SEE SUBROUTINE PAMPOS ANoNT 3S
C OIEtSION CI(10),VXI(100)t'JYItIO) .11(1O0) AMONT 36
C CON40 IMAX*CI.VXI*VYI*HI (THESE MUST BE STOREO IN COMMON) ANONT 3?
C CALL AM3NT(Z*PRESURI) AHUNT 38
C * ANNT 39
C ---- EXTERNAL SU9ROUTINES REQUIRED---- ABNT 40
C A"SNT 41
C NO EXTERNAL SUBROUTINES ARE REQUREO .. ABNT 42
C ANONT 43
C ..---ARGUMENT LIST---- .AMONT 44

C ANONT 45
C Z R14 NO IN* . ... . ... . ABNT 46
C PRESUR R4 NO OUT ANONT 47
C 1 , NO OUT ... ANONT 45
C * AMBNT 49
.C COHON STORAGE USED . .. ANONT 50
C COMMON IPAXCIVXIVYI*HH AMBNT 51
C ... .. AMUNT 52
C IhAX 1414 NO INP A49NT 53
C CI R94 100 INP ANONT 54
C VXI R*4 IGO IN' (NCT USED BY THIS SU9ROUTINE) AMBNT 55
C VY R*4 IOC INP (NCT USE3 BY THIS SUBROUTINE) AMONT 56
C WI R#4 100 INP AMAT S?
C . . .. ANeNT 58

C ... ANT 60
C Z *HEIGHT IN KM ANOT 61

V . . . . . . ..
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C INAX UNUNSER OF *T"OS0HERIC LAYERS WITH FINITE THI!CKNESS ANT 62
c 01(Z) 2SOUNO SPEED (kM/SECI 1'4 I-TN LAYER AM9N? 63
c vXIII) wX CCMPONENT OF WINC VELOCITY (KM.'SEC) IN I-T14 LAYER AtMeNT Se.
c VYI(II 2Y CC"PONENTI OF WINO VELOCI.Y (K"/SEC) IN I-T" LAYER AI4SNT 65
c HIM) *THICKCNESS IN KM OF I-TN LAYZR A148NT 66
C AheN' 67
C ----OUTPUTS---- .. ANSHY 66
o APISM? 69
c PRESUR 'APOIENT PRESSURE IN OYNCS/CM*42 AT ALTITUDE Z . AMONT 70
o I 21NOEX Of LAYER IN WHICH Z LIES -AHUNT 71

cAMhNT 72
c----PROGRAM FOLLOWS BELOW---- AMONT 7

c AM8NT 75
C OIMINSION AND COMMON STATEPENTS AHINT 76

DIMENeSION CI(1OC),VX1(100,,VYI(I00),NI(100) ANT 77
COMMON IPAXvCI9VXIoVYIoMI..........* ANN To

C AlHeNT 79
C THE FINAL VALUE OF ENPON WILL 3E THE INTEGRAL FROM 0 TO Z OF AHONT so
C -GAMMA*G/CO*2. THE RUNNING VALUE WILL BE THE SUSTOYAL9 AHUNT $1

£NPON2O *0 A1104T 82
RUNN AlMBNT 43

C TN!RNNN VALUE OF I WILL. BE THE LATER SEI1:G C04SICERED ANTN 6'.
121 AHINT as

C Z LIES IN LAYER 1 IF IMAXXZO AWINT 6
ZTUo.0 A"NT a?
IFCIHAX *EQ. 0) GO TO 30 ANON? as

C AtIONT 89
C TOP OF FIRST LAYER................ ANON? 90

ZTzHI(1) AMONT 11
STc AHONT 92

C THESTR OF A LOOP. THE CURRENT ZT DENOTES THE TOP OF THE I-TN LAYE AH9NT 93
10 IF( Z.GTe ZT I GO TO 20............ ANTN 94

cANON? 9
C Z LIES IN 1-TN LAYER A"8NT 96
C ZT-a4111) IS HEIGHT OF eOTTOM Or I-TH LAYER AMON? 97
C Z-ZT4HI(I) IS DISTANCE OF Z ABOVE eOTTON~ OF I-Tit LAYER ANN 96

INPONSENP.JN-1.E*f.GO9ICI(I);$2)9(Z-ZTNIII)) AM3NT 99
1200O TO 40 ANN too

cAMEN? lot
.C Z LIES ABOVE IOP OF I-TH LAYER .ANDS~T 102

20 ENPONrFo!-1..(.aoeCzq)..z).NrI~z A"BNT 103
C THE CURRENT ENPON IS THE INTEGRAL OF -194:!G/C*02 UP TO THE TOP AHONT 104
C Of THE I-TN LAYER AMORT 105

I11 *..* .. ~* AMONT 106
IFII *GT* IMAX) GO TO 30 . ANONT 107
lTSZT+HI(I) .. &.. *AMNT 108

C ZT IS THE TOP OF THE NEW I-TN LAYER ANON? 109
G0 TO 10to. .. . . . AIISNY 110

C ENO OF LOOD A"@NT III
c ... A"BNT 112
C Z LIES IN UPC!R NALFSPACE AM8NT 113

S30,ENPONzENPON1..1I.OO8 4 ,CII4sz)*Z-Zr ____.. A"ONT 11I*
C OTNIGFROM 12 OR 30 AMNN 116
19 fRESUR3I.E6*EXP(ENOON) A"NN 117

RETURN AMON? I16
ENO ANONT 119
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SUqROUTINE ATMCS(TtVKNTX.VKNTY,2IHWANGLEWthINOYLA4GLES ATHOS I
C ATHOS (SUBROUTINE) 61,9/68 LAST CARD IN DECK IS ATHOS 2
C . ATHOS 3
C ATHOS
c -. AUSTRACT---- ATHOS 
C ATHOS 6

ATHOS 7
C TITLE - ATHOS ATHOS C.
c TABULATION CF WINO VELOCITY CCMPONENTS ANO SPEED OF SCUNO FOR ATMOS 9
C ALL LAYERS OF MODEL ATMOSPHERES ATHOS 10
C ATPOS 11
C THE MOOEL ATMOSPHEDE CONSISTS OF UP TO 100 ISOTHERMAL ATHOS 12
C LAYERS (THE TCF LAYER 9EIKG INFINITE). EACH LAYER PAY ATHOS 13
C HAVE a UNIDUE TEMPEQATUCE. THICKNESS ANO WINO VELOCITY. ATHOS 14
C SUBROUTINE ATHOS CONVERTS AN INPUT oESCp0PTION OF THE ATHOS 15C ATMOSFHERE"S PROPEFTIES INTO ONE "ORE APPROPRIATE FOR TH ATHCS 16

C CALCULATIONS TC FCLLOW (SUCH AS EVALUATICN OF THE NORMA ATHOS 17
C MODE CISPERSIGN FUNCTION IN NMOFN, OESCR19EO ELSEWHERE I ATHOS t8
C THIS SERIES). ATHOS 19
C ATHOS 20
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C29-6515-4) ATMOS 21
C ATHOS 22

.C AUTHORS *.A*O.PIERCE AtC JPOSEY, M.ITo. JUNE,1968 ATHOS 23
C . ATHOS 24
C ATHOS 25
C ---- USAGE---- ATHOS 26
c ATHOS 27
C ThAX MUST BE STORED AS THE FIRST VARIAeLE IN UNLASELEO COMMON WHE ATHOS 28
C ATHOS IS CALLEC. ATHOS 29
c ATHOS 30
C NO FORTRAN SUBROUTINES ARE CALLEO. ATHOS '1

. ATHOS 22
C FORTRAN USAGE ATHOS 33
C ATHOS 34
C CALL ATMOS(TVKNTXVKNTYtZI*WANGLEIZNDY,LANGLE) ATHOS 35
C ATOS 36
C NFUTS .. ATHOS 37
C ATHOS 38
C IMAX NUMBEC OF LAYERS CF FINITE THICKNESS IN THE POOEL ATHOS- ATHOS 39
C 1*4 PHERE. ( IeLE.IMDX.LE999 ) ATHOS 40

ATHOS 41
C T I) IS TEMPERATURE OF LAYEq I IN OOEL: ATMOSPHERE. ATHOS 162
C R#4(1) (OEGREES KELVIN) ATHOS 43
C ATHOS 44
C VKNTX VKNTX(I) IS WINO VELOCITY COMPONENT IN X-GIRECTION (WEST ATPOS 45
C R*4(O) TO EAST) FOR LAYER lo (KNOTS) ATHOS 46
C I ATHOS 4?
C VKHTY VKNTY(I) IS WIKC VELOCITY COMPONENT IN Y-CIRECTIOH (SOUT ATHOS 48
C R#4(O TO NORT4) FOR LAYER I. (KNOTS) ATMOS 49
C ATHOS so
C Z* *ZU() IS THE HEIGHT ABOVE THE GROUND OF THE.TOP OF LAYER ATHOS s1
C "R%*(OI I, (KM) ATHOS 52
C ATHOS 53
C MANGLE WANGLE(I) IS WNINO VELCCITY CIRECTION FOR LAYER I. RECKON ATHOS 54
C R.94O) COUNTER CLCCKhLSE FROP THE X-AAIS. (DEGREES) ATHOS 55
C ATHOS 56
C WINDY WINOY(I) IS PAGNITUOE OF WINO VELOCITY It LAYER I. ATHOS ST
C R4(O) (KNOTS) ATHOS 56
C . . -.-.... . ..- ATHOS 59
C LANGLE SPECIFIES WHICH SORT OF WINO DATA IS INPUT. ATHOS 60
C -144 IF LANGLE.LE.0 , VKrITX AND VK14TY ARE INPUT. ATHOS 61
C IF LANGLE.GT.O * WANGLE AND WINDY ARE INPUT. ATHOS 62
C .......... ATHOS 63
C OUTPUTS ATHOS 64
C THE OUTPUTS ARE STORED IN UNLAOELED COMMON IN THE FOLLOWING ATHOS 65
C OROEP, BEGINNG IN POSITION 2. ATHOS 66
C CI(100),VXIU.OO),VYI(IOC),HI(t0O)- ......... ATHOS 67
C ATHOS 68
C CI CI(I) IS rHE SPEED CF SOUND IN LAYER I OF THE MODEL AT4O ATHOS 69
C R4C(O) P4ERE*. KH/SEC ) ATHOS 70
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SIATHOS 71
c VXI VXt(I1 IS WINC VELOCITY COM8ONENT IN X-CIRECTION (WEST T ATHOS 72
c R*41O1 EAST$ FOR LAYER 1', t KP/SEC )ATHOS 73

€ATHOS 74
c VYI VYI(I) IS WING VELOCITY COMOONENT IN Y-CIRECTION (SOUTH ATHOS 75
C R*4tO) TO NORTH) FOR LAYER I, t * -/SEC I ATIHOS 76

c ATHOS 77
C " NI(I) IS THE THXCKkESS OF L47. to KM ATHOS 78
C R'410) ...... ATHOS 79
•€ ATPOS 60
C . .ATMOS 8l
C ---- PRCGRAM FOLLOWS BELOW--- ATHOS 8
C ATHOS 83
C ATHOS 841 ATHOS 8s

DIMENSION Ci(100),VXI(100),VYT(laOO'qI(00) ATHOS 86
DIMENSION T(I0O).VKt.TX(1O)VKNITY(IO),IZC00) ATHOS 87
0!HENsIaON WANGLEf0OO)qWINOY(IO0) ATHOS 88
COMMON IMAXCIVXzVYZ,HZ .. ATHOS 89

C ATHOS 90
C JET IS TOTAL NUMSER OF LAYERS* ._ ATHOS 9I

JET IMAX + I ATHOS 92
ZAX JET - I ATHOS 93
IF CLANGLE oLE. 9) GO TO 20 "ATHOS q4
03 2 3.1415927 / 180.0 ATHOS 95

C 0S IS THE NUPBER OF RADIANS IN A OEGREE ATHOS 96
c ATHOS 97
C IF VKNTX ANO VKNTY WERE NOT INFUT, THEY ARE NOW OETEQMINEO FRO" HINOY ATHOS 96
C ANO WANGLE. ATHOS 99

00 5 I12.JET ATHOS 100
VKNTX(I) x WI4CY(tI 4 COS(C!1ANGLEfI)) - ATHOS 102

5 VKNTYil) X WINOY(ti * SIh(W*WANGLE'(I)1 ATP90 102
' "0 01 1,4 * 6,3144 * QoOI / 29,0 ". ATHOS 103

A C 02 IS THE NUPSeR OF 9N/SEC FER KNOT, ATHOS 104
.02 a 0005148. A.......... . .. .OS 10

C ATHOS 156
O0 30 1z 1,JET TH. ATHOS 1OT

c ATHOS 108
C THE SPIED OF SOUND ( GAMPA p / RHO ) FOR PERFECT GAS, AHO ( P/RHO ATHOS 109
C x C R * T I ATHOS 110
C R IS THE (UNIVERSAL GAS COhSTANT)/(POLECULAR WEIGHT$ ATHOS I11

C1(1) x SQRT(0I*T(I)) ATHOS 112
C" . . ........ ATHOS 113

C ( 02 4 V(KNOTS) ) V(KM/SEC) ATHOS 114
. ,. I(I) 2 02 * VKNTX(I) .. . ATHOS Lis

49 VYI(I) 3 02 * VKNTY(I) ATHOS 116
.I. F( IMAX ,EQ. 0) RETURN . . . .. ATMCS 117

HI(1) x Z(11 ATHOS 118
IF(IMAX .eQ, 11 RETURN .. ATHOS 119
00 40 Ix:2*IAX ATHOS 120

44 NM.(1) x ZI(I) - ZI(I-1) ....... . ATHOS 121

RETURN ATHOS 122
ENO... .. .. ATHOS 123
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suiRouIt:e 5600(X,RIA29R3) sees
9968g (SUBROUTINES 7125.'68 LAST CARD IN DECK IS 88982

c 8889I

C TITLE 139 as

c THIS Y SUSOTIK) CCFCQMJS T R FNCGTIVES X MAY 9E OiTAIE VRYB 8e98 16
C X S A RAE COTINTC. FOR XbL VALUE O X, THE FTCAS see8 17

C B88s 19
C R1:2 1*0 '.X/(3FA)CT)24)Y 2F) Bess/7FCT le.8882
c ease 1

c 2m4IN(2Y /2Y -41c'.)/(4FCT Bos 1'4)~/6AC3* 882

C HEY OpESPRt IIJEGAS FR~V. NE AIEX AYS P OCU TOCAI X) 1 888 27 1
C ANALYTIC(K) INU4ATICULAR FOR X~L VAOUSV, 888 26TEFNTIN RB1

C ONBFC OVO CS()*2 ees 39

C R12 2 +/3(INT)G t4L ON F C0TO + O (SIHN4 3(Y))AC2 868.098 2
C 9899 23
C R2: 4(3FAC)I+TEGRAL ON VFROM 0 TO V OF SIII/(7FACO() Bes8 224

** WTH MAP4CO t!X WHTE AR TNINCULANTS FORISEIGATE CAN e 3

C ANVLD SAND eN PERINTERPR 9N FO AS PSRT(-X) se9s 26

C AUiOR x A.D.PI EG, ONI.. JY C 0T YO C58Y)4 sees 3
o Base 12
C ----CALL13)INGv OYFR"0T Y OF OUENCC----2 s89s 132

CSC SU R32IN CLINT)IhEGA ONYFO OYO IWY*OH ) 099 345

C 8899 1.5

C C ITH S zSRTX) TH ORSCDM OMLSFRXNGTV A 999 36
CEOBANDB FLCNGsN g S4a- ANCS9RSOC 899 32
C TIVEY9 n Y INTRLITN Y SSR(. 99ss 3
c see 3
C LAGAGX FRTRANO INV 9909t 55EEC AULC2-5 es4

C ~-CALI N G SOU -- eei4

C SE UROE ELND OUTs 489 5

C 005 5...Sas9

C ----PETRNAL OLLOS N~ ReaLO ~ --- Bee SF096
C sees 63

SVA(1E 999 64



IF(ABS(XI *GT. 14E-2) GO TO 3 ones 65
c 9634 66
C COMIPUTATION FOR SMALL X ons 67

RZ2-30(./SQ*+40350**2(,/.)X*/i. ones0 68

Go TO. ese TO
C gon 71
C COMPUTATION FOR X NOT NEAR ZERO sees 72

3 R2(S-1.O).'x seen 73
R3zfCA!(4.O*Xl-.o0)/X sea 74*

o goes 75
C COMPUTATION CF RI FOR AReITRART X . - 898 76

4 RIVIOPS 3999 77
RETURN 98813 78

898sop 79
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iFNCTION CA!(X) CA! I
C CA! (FUNCTION) ?/2SI68 LAST CARO .IK OICK IS CAI 2
C CAT 3
C .--- ASTRACT---- CAI o
C ......- CAI 5
C TITLE - CA! CAI 6
C PAOGRAM TO EVALUATE FUNCTION CA() FOR GIVEN VARIAfLE Xe CAT 7
C IF X IS NrGATMV£. CAI(X)s COS(SqT(-X)). IF X IS 0OSrTIVE. CAI 8
C CAI(X)l COSH(S0RT(+X))* THE FU4CTION IS ALSO REFRESENTASLE CA! 9
C BY THE POWER SiIES CAI 10
C CAI it
C CAI(X)' I + X/(ZFACT) * XO*Z/(IFACTI # X**3.(6FACT) + ... C4! 12
C CAI 13
C LANGUAGE - FORTRAN IV CZ609 REFSPERCE MANUAL U.2-6591540" CAT 14
C CAT 1s
C AUTHOR - AO.PIEPCE, M.IT.. JULYlq64 CAI 16

C --. CALLING SEQUENCE---- .... CA I?
C CAI 18
C.. CAICANY P*4 ARGUNENT) PAY bE USEC IN ARITHMETIC EXPRESSIONS CAI 19
C CAT 20
C .--- EXTERNAL SUBROUTINES REQUIRE--- CAT 21
C CAI 22
C. NO EXTERNAL SUBROUTINES ARE REOUIREO .. CAI 23
C. C#i 24

. . --t--ARGUMENT LIST--- ....... . CAI 25
CAI 26

C x Re4 NO INP. ....... ............. CA! 2?
C CAI R4. NO OUT .. CAI 28
C . . . A... CA! 29
C NO COIPOM STORAGE IS USEO CAI 30
C CAI 31
C ----PROGRAM FOLLOW! BELOW---- CA! 32
C .... ............ .CAI 33
C * • CAI 34

* F(X .GE, 0.0) GO TO 11 . ........ ... CA! 35

C ........ CAI 36
C X IS LESS THAN 0 CAI 37

10 CAIaCOS(SO T(-X)) CAI 38
RETURN ... ... " . . CAT 39

C CA! 40
C X IS GREATER OR EQUAL TO 0 ....... ".... ... CA! 41

11 E=EXP(SQRT(X)) " CAI 42
C THE PYPzP9CLIC COSINE IS CCPPUTEO ......... . . . ... CA! 43

CAI:O.S-(E+./E) . CAI 44
RETURN ... "_. ".. ". ..... CA! '5
E. O .CAI '.6

.1



SUBROUTINE OAOC(EGAACKAK(YCVX*VY.0OOM.OAOIKX.CAOKY) OAOOR I
C OADQR (SUBRO0UTINE) tCCIFIED 7/11/74. LAST CARO IN DECK( IS NO* 0AO'QQ 2

c* OADOR 3AO

c ---- ABSTRACT---- OAOQR
C TITLE -OADOR DAGOR I
C THE FUNCTION CF THIS SUIROUTiNE IS TO cOMPUrr THE COMPONENTS OAOQR 8
C OF THE MATRICES GACIOAOKX* AND DAOKY H'uIC' OEFRESENr THE OAOI3R 9
C PARTIAL OERIVATIVFS OF THE MATRIX I WHfICl# WOULO BE DAGOR to

C* COMPUTED BY SUBROUTINE AAAA# OAO2R 11
C CADOM IS T'4E PARTIAL OSRIVArIvz tArRix OF A WRT OMEGA OAOOR 12
C OAOI(X IS THE PARTIAL BERrVATIVE rATPrx OF A wRr AKX OAO0 13
C OAOKY IS THE PARTIAL DERIVATIVE PA~qIx OF A NRT-AKY DAWtIR L'.
C LIK! At ALL ARE 2-e'v-z MATRICES. OAO'2R 15
C OAOCP~ 16
C LANGUAGE -FORTRAN V (UNIVAC 110 8,PEFERENCE MANUAL U0-7536*REVs 11 OAcJ~?R I?
C AUTHORS -ALLAN 0. PIERCE* CHRISTOFHER KAP0f:R,.G.Z.T.,. JULY, 19?'. nO0R 14
c OAOqR 19
C -- CALLING SEflUENCE---- OAO 20
c OAOI)R 21
C SEE SUWRROUTINE COMPK OAOR 22
C DIMENSION 0(22?),DADCM(2.2),OAnKW(2,2),OAO)KYf2.2l GAOR 23
C CALL OAOOR(OMEGAvAKXAKYC.VXVYOAOOMOAOKX.OADKYI OAOR 2'.
C DAC~jq 25
C NO EXTERNAL SUBROUTINES FECUIRED OAOqW 26

C.----ARGUMINT LIST---- 040AOC 2?

C OMEGA R*4 NO INP OAOOR 29

C AKX R44 NO XNP OAOOIR 31
C AKY R04. NO. INP OAGOR .32

C C R*4 NO INp OAOCQ 33
C VX R*4 NO INO . -. OAOR 34.
C VY R0'. NO INP DADOR 35
C ODON R#4. 2-eY-2 OUT -OAOCR 36
C OAOKX R*4 2-UY-2 OUT OACOR 37
C !!Af KY *R#4. 2-BY-2 OUT OAOOP 36
C 040CR 39
C NO COMM'OU4 STORAGE USED . OACVIR 4C
C OADIR 41
c0. ---- INPUTFs---- - .. ..-. OAOR 4.2

C OAOR 4,3
C ONECA SANGULAR FRE'IUTNCY PAD/SEC DADaR 441
C AKX 2X COMPONFNT OF NOFIZONT4L WAVE NUMBER VECTOR IN V./IM OAOOR 45
C -- . KY x. -. 3 OMPONEtT OF HORIZONTAL WAVE NU40ER VECtOR IN 1/Nil OAOf) 46
C C xSOUKD SFEEc IN NM/SEC OAO'lR 4?
C VX . X COMPONENT OF WINC VELOCITY IN KH/SFC.........OAOCR 46
C VT OY COMPONENT OF WIND VELOCITY IN KMl/SEC DAOqR 4.9

c ----OUTFUTS---- ..-- OAOQR 51

cOAOOR 52

C AO"(IJ) 2(1,3)-TH ELEMENT OF OAO MATRIX OADOR 53
C AOKX(IJ) (1,J)-TH ELEMENT OF OAO'(X MATRIX -. OAOCR S4.

C OAONY(IvJE 3(1,31-TH ELEMIENT OF DAO'(Y MATRIX OADOR 55
c CAO 56
C ----PROGRAM FOLLOWS BELOW---- OAOR 5? -
C OAOI2R 3
C OAGOM90ADKX.oAOKY ARE PATRIX DERIVATIVES OF A WITH RESPECT TC OAOOR 59

A

IA
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OHEGA9AKX9AKYv I4HERE A IS AS COMPUJTED BY AAAA. OAOO' 6
DIMENSION 0(2,2),OAOOMt2,2JCADKX(2Z)loDAOKY(2,2) OAO0R 61
csqucoc OAO9R 62
C41911290098 0AOQR 63
0(1,2)z-CSQ OAOOR 64
OI2.9.)(96.0LE-6)/CSQ OAO 65
0(29ZI:-.0098 ADQ 6
e0NsCMr-GA-AKXvVX-AKcY*VY .OAD90 67

SOMSO5eOp*2 --- OAOQR 68

C T IS AiCSO/nOMSO 0AOR 68

OTOOMz.2.04(AKX~2hKY.2)(OSC-8oN).....- . DAOR 709
OT0~:.COOMvx, * 0'AiieasO ADOR 71

OTOKY2.OTOON#VY+2.0*AKY/!OMSO -.. ADOR 72
00 go 121#2 OADOR 73
00 9G J1.2 - OAOOR 74
OAOOM(I,J)*OTaC'1.O(lJ) OAOOR 7

UDKX(19J)ZDTOKXfD(Ij)............. OAOQR 76
go DADKY(IJ)ZOTOKY*D(Xjl DADOR 7?

C THE AqOVE ELEM1ENTS AR~E CORRECT EXCEPT FOR (291) ELEMENTS OSOOR 78
XAT*2oG*OI1CSI OAOOR 79

C XAT IS THE OERTV&TrVE %ITH RESPECT TO OMEGA OF 9ONS0tC3Q OADOR 80
OAOoM(2q1)=DAaOM(2.1)-XAT DAM'2 41
DACKX(2,1)XOAOKX(Z,1),XAT*VX - . *DOR 82
DAOKY(2#1)mOAICY(2913 4XAT*VY OAOQR 63
RETURN 0AOQ 84.
ENO OAOOR 85
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SU!3ROUTINE OF3CP(OMEGA,AKXAYG?.Rpg.Ac.KvvvovFOMpgiDCK~cpoCFDKYODR I
C. OFOOR (SUAROUTINEI RCCIFZEO 7111/r4. LAST CARD IN CECK IS NO* OFflOR 2
c ..- OFOOR 31

*c OPOOR a.
C ---- ABSTRACT---- OFOR 5

c OFOOR 6
C TITLE -O~rDQP .0F0OlR ?
C THE NORMAL tPOCE OISPCPSION FUNCTION COPIPUTEO. ey suSQUtirNE OFCqP a
C NHOFN IS CON~SIDERED A FUNCTION. OF ONEGAvAKX, AND) SKY& DOOR 9
C THIS SU30OUTINE CCMFUTES. THE CARTIAL DERIVATIVES OFPP WITH OFOOR 10
C RESPECT TO Ct'-EGAAKX, Ahnf AKY RESPECTIVELY. OFDQR 11
C MOND IS THE PARTIAL DERIVATIVE OF FP9 iIRr aMEGA OFOOR 12
c OFOKX IS THE PARTIAL OER IVATIVE OF FP- WRr AK OFDOR 13
C GFOKY IS THE PARTIAL CERIVATIVE OF FFP UPT AKT OFOOR 1'.
c OFOOR is
C LANGUAGE - ORTRAN V (UNIVAC 11089REFERENCE MqANUAL UP-7536 REV* 1) OFOOR 16
C OFOq't I?
C AUTHORS -A*0. PIERCE* CHRISTOPHER, iAPPER, Gere.T-ov JULY* 1978. OFO'IR 18
c . OFOOR 19
C ~--CALLING SEQUENCE---- OFOOR 20
C . FOOR 21
C SEE SUSROUTINE COMPK OFOOR 22
C DIMENSION ROo(2,2),CAOC.(292),CACKX(22,OAOKYv(22 OFOOR 23
C OIPI=NSION OOI)0C0(,Z),PGOKX(242)OOK(292),A(2,2) OFOqR 2'.
C CALL OFOOR(OMEGAAKXANYGI.POA.CVXVYOFOHOFOKXOFOXYI 070CR 25
C OFOOR 26
C --EXTERNAL SUaROUTINES REQUIRED---- OFOOR 27
C OFOCR 28
C OAOORvORCQ~v (ORCOR CALLS OMOOR) . .OFOOR 29
C OFOOR, 30
C ,. . . ---- ARGUMENT LIT-- 0FOqR 31
c. OrOOR 32
C OMEGA R 4  No INP . . . ..- OFOOR 33
C AK R44. NO IMP DFOIR 3'.
C SKY R*4 No INP.............. OFOOR 35
C cI Rot, NO INP, OFOqR 36
C c . R94 NDO INp. . . ... . 07000 37
C VX R*. NO fINP O0qR 38

C VY R*'4 No INO........*- FQ 39
C A R*4 2-eT-2 INP 070CR 4.0
C RPP Rot# 2-BY-2 IMP . . . .. . . FO9R 41
-C 070011 ER4 NO OUT 0F0CR '$2
C OFOK R#4. NO .OUT. O...~q. .. aoo413
C 070KY R44 NO OUT OF070R 441

C NO COMMON STCRAGE USED 070CR 46
C .. OFOOR 47
c ---- INPIUTS---- 070CR 4.8

C ..--- 0.0CR 1.9
C OMEGA :ANGULAR FREOUEtICY RAOfSEC 070CR so
C AKX zX CO?1POIENET CF HCRIZOrJTAL HAVE NUM9Eq VECTOR IN itK OFOOR 51.
ct AKT vY CCMF0INEkT CF HCRIZODITAL WAVE NUIIAER VECTOR IN i/K 070CR 5?
C GI. X.PAPAtIETEQ FOR DETERMIINING GU IN UOPER HALFSPACE 0CR 53
C C =SOUN~D SPEED IN KM/SEC OFOOR 54.
C vX . IX 'n0MPCKCKT OF WINC VELOCITY ZN KM/SEC......... 070CR 55
C VT ay COMPON~ENT Oc WINC VELOCITY IN KM/SEC 070CR 56
C RPP(I.J) 2(1,J)-T4 !LEMFNT OF MATRIX iRPP CONNECTING OFOOR 57

*C SOLUTI0O:S OF THE RrSrIVAL EQUATIONS AT THE BOTTO'4 OF OFOIR s8
C THE UPPER HALFSFACS Ta SOLUTIONS AT THE GROUND9 070CR 59
C A(IqJ) w(I.J)-TH ELEMENT OF-MtATRIX A 070CR 60
C . .~. OFOOR 61
C ----OUTPUTS---- OFOOR 62
C ... - 70R 63

C 070DM zPAPTIAL'OERIVATIVE OF FPP WRT OMEGA 070CR 6'.
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C .OFOKX 2PIRTIAL CER!VATIVE Of FOP WRT AKX 070CR 65

C 070KY *PARTIAL CERIYATIVE 0F FOP WRT AKY 070CR 66
0711COR 68

C . RGA FOLLOWS BELOW-- 070CR Go
070CpR 70

01Z4ENS1OH A(2.2).OAOOP(292),OACICX(292),OAOKY(2921 070CR 71

ONSIONg RPPf2.2),090CM(2,Zi,0R0K(2,1C~KY(2#2I 070CR 71

L~ . CALL OADOCOMEGAAKX.AKY.C.VXVYOAOOM90AOKXCAOKYI 070CR -73

1(e2.0GUI 070CR 75

OGOKXS(2.O*A(1,1)DAOKX(1,±),AII.2I*CAOICX(Z,)*A(2,I9*OAOKX(
12))1 070CR 76

It 2O'*GU) 070CR 77

0GOKiY 2 . 4(ll)A0IYyg1,)A1,Z)*CAOY21)A(1)OA0KY(1±Z1 070CR To

CALL 0R9OR(ONCCDAKXAKVRPPA9OROCM,0ROKXOROKT) 070CR 60

C F IS OFOOA1,3(,)((*~,1I00R 81
OF042COOMloi*A(92-CPO~t,2)(GUA~lil+RP(19)*COGP1 070FCR 82

1-RPP(1,2)*(OGO"#.A0OM(1,1J) 070CR 83

* OpKXaRKXU..13A(12)COK(14)t(UA(1@1)bRPP(lo1)0AOKX(1lZ 070CR a'.

I-RPP(1*21#(0GOKX+OAOKXIl) 
070CR 8s

OFOKY80O~tKT (1,11 AqI,2l.CRKY(12.(GUA~l,1tIRPP(1,1)0ADY(192)OFOCR 
86

I1lRPP(19ZMQOKY#0A0KY(19I)) 
070C3R 87

RETUR'4 070CR Is

cND 070CR 89
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SUSROUTIE COOROMEGA.AKX.AKYC.VX.VvH*a.EMOntD"oM.CNOkX.OMCKYI OH0'4R Io ONOOR ISW'ROUMIE) MCOIFIEO 7/11/74 LAST CARD IN DECK IS NO. OMOOR 21

c -*-ABSTRACT---- 01900' s
c D0~l 6
C'TITLE D"DMOR O"Oqoo7
oc THE FUNCTI0h OF THIS SU90OUTINE IS TO COMPUTE THE COMPONEN~TS aH0
C Of THE MATRICES CMOCP*DHDKX9 ANDO ONOKY WHICH REPRESENT THE OMOCR 9
C PARTIAL DERIVATIVES OF TPE EM MATRIX WHICH WOULD 9C OMOO3R to
C COMPUTED BY SUBROUTINE lIptMe OMOOR it
C 0"00"N IS THE PARTIAL DERIVATIVE MATRIX OF EM WRT OMEGA DM001? 12
C DMOKX IS THE FAQTIAL DERIVATIVE MATRIX OF E" WRT AKX 0.401IR 13
c O"D<Y IS THE PARTIAL OEVIVATIVE MATRIX OF EM WiT AKY O"OCR 14
C MATRIX EM IS ALSO CCMPUTEO IN THIS SJBROIJTINEs OMOOR i5
c C MOCR 16
C LANGUAGE -FORTRAN V (UNIVAC 11089REFERENECE MANUAL UP-7536 REVell DM001? 1?

C AUTHORS -ALLAN 0 PIERCE9CHRAITOPHER KAPPER, GeI.To, JULY, 1974 OMOOR 19

C ---- CALLING SEQUENCE%--- ** D001 21
C 001?3 22
C SEE SU9R09TINE COMPK DM001? 23
C 01PEISIOl A(2,2),E"(2,),O'1OX(2,?)0MO(22),O1OKXC(2,2) OMOOR 24
C DIMENSION O'(0Y(2,2ICACO!4(2,?),CA0'CX(C,2),OAKY(292) 011001 25
C CALL OM0CR(OMEGAAKXA(YCVX.VYHAEDoDmO.NloKXDOMKY) DM001 26
C OMOOR 27
c ~-EXTERN~AL SU!RROUTINES REQUIRED~-- OMOGR 26

C OMOOP'(*SA 30
jC OMOIOR 31

C---- ARGUMENT LIST---- OM001? 32
C .. 001?R 33

C OMEGA R04 NO IND 01101? 3
C AKX R'4 NO INP.....................M001 35
C AKY R*4 NO IMD 019001 36
c *C q64 NO fID . * ... - 0'I00R 37
C VX R*'. NO IMP DM001? 38
C VY R94?" ND INP DM001? 39)
C H R*4 NO INP OD001 40
C A R44a 2-BY-2 INP . .D001 41
C cN R64 2-BY-C OUT DM001? 42
c. amooM R44 2-BY-2 OUT_......... .. *** OMOC1 43
C ONOKX R*4 2-eY-C OUT DM001? 44
C OMOKY R#4 2-eY-C OUT OMOO? 1.5
C DMOOR 46
C NO CCMMON STORAGE USED. **, DM001? 4?
C DM001? 48
C ---- INPUTS--- . . . .... , DM001? 49

c DM001? so
C OMEGA =ANGULAR FRECUFNCY 9AO/SEC Om001? 51
C AxE %X COMPONENT OF HOPIZONTAL WAVE NUMBER VECTOR IN 1/KM 0OM. 52
C AK? 2? COMPONENT OF.HoprZONTAL WAVE NUMBER VECTOR IN 1/KN OHOOR 53
C C =SOUND SPEEC IN KH/SEC 011001 54
C WE zX COMPONENT OF WIND VELOCITY IN KM/SEC DM001? 55
C VY mY COMPONENT or WINO VELOCITY IN KM/SEC OMOC? 56
C 2 THICKNESS IN KM OF LAyrl DM001 5?
C A(IJ) s(IJI-TH ELC11ENT OF MATRIX A FOR UHS Omoo0t 58
C . OMO'21 59
C ---- OUTPUTs---- OmOOR 60
C DM001? 61
C EM 92-ST-2 TRAKSF R MATRIX k"ICH RELATES THE SOLUTICNS OmOIR 62
C. Of THE RESICU3L EnUATIONS AT THE rop OF A LAYER 011001? 63
C TO THOSE AT THlE BOTTOM OF THE LAYER. DM001? 64
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C 6OO0(I.J) -(I,J)-TH ELEMENT OF MATRIX 0110110NO 65
C CMoxxcroJ) x(IJ)-TH ELEMENT OF MATRIX OMOKX 040IR 66
C 0tlOKY(ZvJ) x(IJ)-TH ELEMENT OF MATRIX O"0KY' 0M0; 67
C OMOOR 68
C ----PROGRAM FOLLOWS BELOW---- 0110CR 69
C 0"01,R 70

GIMENSION EI(2,2),OMCX(2,2),OtiCCP(Z,2),CMlKX(32),OMOIDKY(2,2 COI'R 71
DIM14~SION A(2,2).OACOM(22,DA'KX(Z.Z),0AKY(29Z) 0110CR 72
CALL OAOOR(O"EGAA(X.AKY ,CVX VY1OAOM, AOKXOAOKYI 0110CR 73
NSOxmH DMOOR 74

CAvCAI IX) 0110fR 76
SASSAZ(X) COI'R 77
OCAZXX0.S*SA OIIOOR 78
Y31ABS(xl , 0.* OnR 79
IF(Y-1.OE-2) 3,3,4 OMOO)R 80

3 0SAIX21.0/6.0,X/60.0.X*42/1680.O.X'43/90720.0 DMOOR 81
GO TO 5 OMOIR 82

4 OSAIXZC*S*(CA-SA)/X OMOOR 83
5 GEMuH*DSAIX COIR 84

00 20 192 0110CR 85
00 20 JzI,2 DMOOR 86

20 O"DXfIJ):-GEM*A(I.J) OMOOR 87
00 30 12192 ONof)R a8

30 oMox(ri,):flmox(I,I),OCAIX Ot400R A9
0XO11:I!,6A(1,1)*OAOOM 11,) .A(1,2)*OAO.49(21)+AI2,12*OAOOM(1,2) O'lCQR 90

INSo OM0~nq 91
DXOI(:2.04A(1,1)40AaKX4x,1)4A(1,e).OAOK)x(2,1)4A(2,1)*OAOKX(1,2)) 0110CR 92

iISo DMOt2Q 93
0XOIKYX(2.fl*A (11)*OAOKYt1,$*A(1.2V0A'Y(2.1).A(2,1)'OAOKY(192)I OMOOR q

INS() 011CR 95
T:I4*SA OMOOR 96
00 90 121,2 0MQ~ 97
00 90 J21,2 CHOICR 93
CMOOM(I,4):09.0XCIJ)*OXOOM.T.OAOOMtr.,j) DMOOP* 99
0MOKCIJ):OOX (Ij) 'CXCKX-TOOACKY( 1,J) 011CR 100
0110IYfIJS:0mox(IJ)40ACKY-TO0AOKY(Ij) OMOORP let

90 EMtIJ)=-T*AtrvJ) 0110CR 102
00 190 1=1,2 0110CR 103

190 CM(II)ZEMCI*I)+CA 0110CR 104
RETURN 0110CR Les
END 0CH0IR 106
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SUBROUTINE BOOPtOMEGAAKXAKYRPPAoROOMORKXOOI ~ OROOR
C ROOR (SU3ROUTINE) MOOIFIEO 7/11/74 LAST CARO IN DECK IS NO* OQC'nR 2

C OROCR 4
C ---- AUSTRACT---- 09DOW 5
C npolp 6
C TITLE -ORCOR O000 ?

-,C THE PURPOSE OF THIS SUIROUTINS IS TO COMPUITE THE COMFONSNTS ORnCR? a
oOF THE MATRiCES CROGK.ORDKX* ANDO CROKY WHICH PEFRESENT THE OOR 9

o PARTIAL OCRIVATIVES GF THE OFP MA~TRIX 4HrC4I WOULD BE OROIR 10
C CQMFUTEO BY SUSRCUTINE PPRP.. OfOqRP 11.
C CR9ON IS THE PARTIAL IVE~IVATIVE MATRIX OF Q.PP WRT OMEGA OP.Of2R 12
C ORflKX IS THE PARTIAL OERIVArivr MATRIX OF 2PP WRY AKX oR~f)R 13
C CROKY IS THE PARTIAL DERIVATIVE PATRIX OF RPP WRY AK! OROCR 14
C OROO. 15
C LANGUAGE -FORTRAN V (UN'AC 11089 RFFE4-NCE MANUAL UO-~7535 REV* 1) OP.OIR 16
C AUTHORS - A.D. PIERCE* CHRISTOCHER, KAP;E~v G.I*T.. JULY,1974 DOOP. 17
C OROllP is
C --- CALL ING~ SEOUENCE---- C RO(IR 19
C WAROO 20
C SEE SUeROUTINE CONPIC OROQR 21

*C CIMENSION CIC10O),VXI(l .lVYI(100),HI(10O) OPDOR 22
4C DIMENSION RP(9)AZZtPO(9?9RK(v)0OY22 opor 23

C OIPENS!ON 1'M2.2). OGOc.2,), O'XCZI),OtIOKY(2,2) OP.OIV 24
C OIVENSION !PP(2,2),OPrP(2,2),AINT(Z,2) .- .ORCO' 25
C COMMO41 IlAXCIVXItVYI#HI CROOR 26
C .. CALL OROOP.(OMCGA.AKXAiY.RPP.A.CPOOIIOROKX.OPOKY) OROOR 2?

4C OCR 26
C . .. ....... ---- EXTERNAL SU'3POUTINrS REDUMRO---- OP.DOR 29
C. ORO'SR 30
C 0110CR (OIPO CALLS CACCR#CAlqSAI).......... . ORO'2R 31
C OROOR 32
C *. . . ---- ARGUMENT LIST-:-- - - - OROOR 3
C OP.OOR 34
C OMEGA R*4 No INP *- .- OPOOR 35
C AKX R*. NC rNP .ORCCR 36
C AKY R'I. NO IHP .*.. ... OROnR 37
C RPP ca 2-9Y-2 INP OCR 3
C A R*4 2-eY-2 IKp.....- ,* OROIR 39
C CROON R*4 2-BY-2 OUT OROWqR 40
C CROKX R44 2-HY-2 WIJT .. . . OROCR L4
C OROKY R*4 2-BY-2 OUT OROOR '.2
C ... . . ROOR 44~
C COMMON STORAGE USED ORonR~ 44
C COMMON ItMAXCI#VXI*VYI*Ht .: ORDGO '5
C OROOR 46
C INAX 1*4. NO INP . -OROOR 47
C CI R*4 100 INP 090CR 8
C VXI R*4 100 INP * -OROCR 49
C vyI R% 10 Ic NP OMOOR so

C "I. - ' 0 H........ . . . . . DROOP 51.
*C OROO. 52
C . ..---- INPUTS---- OROfOR 53
C ORDCR 54
C - *OMEGA 2ANGUL..R FgECUFNCY RAO/SEC ODROOP 55
C AKX vX COrIPONEINT OF HORI2ONTAL WAVE N'IM9ER VECTOR IN 1/KM ORGOO 56

*C AKY xY CCHPONENr OF HOPI7ONTAL WAVE NUMU-OR VECTOR IN 1/KM OROQR 5?
C tpe 2-SY-2 TRAKSFER MATRIX WHICH CONN-:CTS SOLUTIONS ORCIR sa
C . . . OF THE FESICUAL E'UATIohS AT THE BO1TC" OF THE OPO')R 59
C UPPER HALFSPACE TO SOLUTIONS AT THE GROUND. DROOP 60
C. .A.. aATQIX A. OF COEFFICENTS OROOR 61
C OROC9 62
C .---- OUTPUTS---- OPOOR 63
C ORDOR 64



C oROdX(rqJs 2(I::3411:EL=MENT OF MARXOROOKXRn 66

1C oRodKerjj =(I*J)-TtH ELtH'tNT OF M4ATRIX 090011 3ROf)R 66

C DROICY(ItJ) Z(1,J)-TH ELEME~NT OF 11AT91.( ORSKY -RMR 6

C--PORRFOLLOWS BELOW---- OqOOR 69

DIM1ENSION CItl00).vxI(100tvyrif0)'4icl00l OPOCQ 71
oZMENsrON R*(9)A22# 04??9RK(,)DOY22 0OO00 72
DIMENSION E(2,2),0PCOq22,OK0IX(Z,2),OMOKY(2,Z) DROCR 73

DIMENIJ)O 0(29,J tv9IN() OROIW 7

00 20 11I2,2O 7
00 20 JJ212 O*.Ooq, 10

20 0POIIJ)20*0YJ OROOR 1?a
00 30 11,2Q 0RO0P 103

00 30 JJ:1,2OPOOP, 10

0PP30 LL:1,2 OROIR 106

30 R0P(9I=.J:R0 (IJ~OPI3OMIYKL~PCL, OROOR 109
00 40 II=12 OROCR 110
00 15 JJ12 .*OROOR 111

is £INT(XIJ)EIISUPCJJII,)UP(,J OROCR 12
00 500 J19I,2 OROR 113

50zPCI(IJIANTI, .RC 9.. ... 909 15

vxzTxri) 0ROq2R 17
.1110 (I DR0OP 118

OROR 9

CALL040R(OM--'A*AK96Kv~oV*VYH9AE4#DOO"OMCK90MKY) POC4 9

MUTIL -OTMSTEIVREO MO~.R 9



SUBOROUTINE CLIKT(OHEGA.4I(XAKY.CVXVVHFIH,F2HA1.42,ArNT) FLINT I
C CLINT (SUBOUTINE) ?/25/68 LAST CARO IN DECKC IS CLINT 2

C. SLINT 3
C ---ABSTRACT---- CLINT 4
o cLrNT 5
C TITLE E LINT CLINT 6o THIS SUBROUTINE CCMFUTES THE INTSGRaL ELZP4T I
c EL.11T a

CAINT x INTEGRAL OV~ER Z FROM 0 TO H OF ELINT 9
c -CLIUT 10
C (Al*FL(Zl + A2*F2(Z)14*2 ti ELINT 11.

*C CLINT 12
c THE FUNCTIONS FlIZI AND F2(71 ARE THE SOLUTIONS OF THE COUPLED CLINT 13
C ORDINARY DIFFERENTXA. EVqUATIONS CLINT 1'.4
c CLINT 15
C 6Fi/oz 2 AlI'FI + A12*F2 (2 CLINT 16
C 0F2/OZ 2 A214FL + A22*F2 (2 CLINT Z7
c CLINT 18
C WHERE T4E ELEPENTS CF THE MATRIX 4 ARE INflEPENOENT OF Z. ELINT 19
C FOR GIVEN SOUND SPE40 Cv WIND VFLOCITY COMPONE.NTS VX ANn VY, ELINT 20
C ANGULAR FREQUENCY OMErGA, A140 WAVE NUnDER C349PONENTS AKX 4ND AK ELINT 2t
C THE A(IvJl ARE COMFUTZD SY CALLING AAAA. THE SOLUTIC14 TO THE FLINT 22
C DIFFERENTIAL EQUATIONS IS FIXED BY SPECIFICATION OF F1 AND FZ CLINT 23
C AT Z=H. CLINT 24

-CLINT 25
C PROGRAM NOTES ELINT 26
c CLINT 2
C THE GENERAL SCLUTION OF EInNS* (22 IS CLINT 2
C ELINT 29
c Fl(Z) x CAI(X2*F1(t4)-(H-Z)*SAI(X)'(A11'F(H)*A124F2(H ELINY 30
C _____ 2(Z) a CAI (X) OF?(H) -CH-Z) *SAr(X) *IA21*F1(H) A2??F2(" ELINT 3±
c. CLINT 32
c WITH Xx(Al1±m2fAlZ*A21)*(4-Z)**2 SINCE A222-A11. WE LET ELrNT 33
c E LINT 31.
C RI z(XNTEG;AL OF (C4I(x)*2)*(2/H) CLINT 35
C R2 xtINTEGFRiL OF (CH*Z)*SAI(X))**22*(2/Hm*3) ELINT is
C .. R3 x(INTEGqAL OF ((4-Z)*SAI(X)*CAl(X)23*(4/H**2I CLINT 37
C CLINT 38
C__ WHERE IN EACH CASE THE INTEGRATION Is OVER Z FPCH 0 TO N ELINT 39
c THE QUANTITIES Rl.,R29R3 ARE COMFUTED BY CALLING ease. ELzNr 40
C % THEN CLINT 41
C CLINT 42
o.........AINTa(H/2).(g~1I*e2R,(H.3/2)*(FP2I*e2.R2 CLINT 1.3
C -(H**2/2*(FPl)*(FP2l*R3 CLINT 44
C___ CLINT lb5
c WITH ELINT 4.6
C FPIz AI*Fl(N24AZ*F2(P) CLINT to?
C FP22 A1*(A11#F1(HIA124F2(I1))4A2'(A21*FI(H),A2Z'F2(H) FLINT 48
C. CLINT 49

CTHE LATTER TWC QUANITITIES REP.-EN TH COFICIENTS OF ELINT 50
C CAI(X) ANO (H-Z2*SAI(X) IN AI*Fl*A2*F2. CLINT s1
C CLINT 52
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUJAL C22-6515-4) CLINT 53
C C~LINT 54
C AUTHOR - A.D.PIERCE, F.I.T** JULY,1968 . . . . .CLINT 55
c CLINT 56
C - - . - ---- CALLING SEQUENCE---- CLINT 5?
c CLINT 58
C SEE SUBROUTINE TOTINT . E LINT 59
C No ormrENsioh STArEVEKTS PEQUIRED lZLINT 60
C CALL ELINTtOMEGAAXXAKYCVX.VYH,F1HV2HA1.A2,AINT) CLINT 61
C CLINT 62
C ---- EXTERNAL SUBROUTINES REQUIRSD---- -CLINT 63
C CLINT 64



C AAAA, eaca" [LINT 65
C CLINT 66
S.---- ARGUMENT LIST---- CLINT 67
C CLINT 68
C OMEGA R*4 tiO IND ELINT 69
C AKX R4 NO INP EL14T 70
C AKY R44 NO IND CLINT 71
C C R 4 NO INP CLINT 72
C VX R64 NO INP CLINT 73
C VY R'4 NO IND CLINT 74
C H R*4 NO IND CLINT 75
C PIN R*4 NO INP CLINT 76
C F2H R*4 NO INO CLINT 77
C Al R#4 NO IND CLINT 78
C A2 R*4 NG INP CLINT 79
C AINT R*4 NO OUT CLINT eo
C CLINT at
C NO CCHMON STCRAGE USED CLINT 82
S. ..CLINT 83
C ----INPUTS---- CLINT 84
C CLINT 85
C OMEGA 2ANGULAR FREOUNCY IN RAOctr4S/SEC CLINT 86
C AKX aX COMPONENT OF WAVE Nt9IIE- VECTOR IN KM**(-1) ELINT 87
C AKY xY CCMFOhEhT OF WAVE NUJMRER VECTOq IN KP**(-1) SLINT 8a
C C xSOUNO SPEEO IN KM/SEC CLINT 89
C Vx aX COMPONENT OF WrNC VELOCITY IN KH/SCC CLINT 90
C VY ZY CO"FO.ENT OF WINC VCLOCITY IN KM/SEC CLINT 91
C H STNTEGRATION INTERVAL (LAYTER THICKNESS) IN KP CLINT q2
C F1 zVALUE OF FI(Z) AT UPPER LIMIT OF INTEGRAL CLINT 93
C F2 =VALUE OF F2(Z) AT UPFER LIPIT OF INTEGRAL CLINT 94
C _Al COEFFICIEhT OF Fl(Z) III 14TEGRANO CLINT 95
C AZ &COEFFICIEhT OF 92(Z) IN INtEGRANO CLINT 96
C CLINT 97
C ----OUTFUTS---- CLINT 98
C CLINT 99
C AINT *INTEGRAL OVER HrIGHT WITH PANGE H OF THE aUANTITY CLINT 10
C (Al*Fl(Z).A2'F2(Z))*42 WHERE F1(Z) Aqn FZ(Z) ARE ELINT 1i
C ECUAL -j FI; AO F29H, RESPECTIVELY, AT THE UFPER ELINT 102
C _ LIMIT ANO SATISFY TOE RESIOUAL OIFFERENTIAL EQUATION ELINT 103
C CLINT 104
C ----PROGRAM FOLLOWS 8ELOW---... CLINT 105
C CLINT 106

OIMENSION'A(2t2) CLINT 107
CALL AAAA(OMEGAAKX4XAKYCVXVYA) CLINT 108

C CLINT 109
C COMPUTATION CF FP1 AND FP2 CLINT 110

FPIZAI*FIH+A2#F2P CLINT 111
FP2ZAI(A(1,1V*F1H+A(1,21'F2H) A2'(A(2,11 F1HNA(2,2)*F2H) ELINT 112

C CLINT 113
C COMPUTATION CF COEFFICIENTS CF RIRZR3 CLINT 114

S1:0.5"14FP142 CLINT 115
S220.5*N H3)#FP2**2 CLINT 116
S3-0.5(H*2)#FPFPZ , .. CLINT 117

C CLINT 118
C COMPUTATION CF R1,R2,,3 CLINT 1t9

Xa(A(1,1).'2+A(1.2) A (2,1)) 'H**2 CLINT 120
CALL 898O(XRl*R2#RZ) CLINT 121

C CLINT 122
C CONPUTATION CF AINT CLINT 123

AINT=SI1RIS2*R2.S3*R3 ELINT 124
RETURN CLINT 125
ENO CLINT 126
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FUNCTION F414001(V) 401
C FNMOOI (FUNCTION) -6/13/68 LAST CARO IN CTCK IS FNlCOI 2
C FNMCfli 3

i-C ---- ARSTRACT---- FNHOOI, S
cFNPOOL 6

C TITLE *FNMOnI FNMCbI 7
C EVALUATATION CF NOAPAL MODE DISPERSION FUNCTION AS FUNCTION OF FNMIOOL a
C PHASE VELOCITY V V.414001 9

CFNMO!l, 10
C THE NORP'AL NOCE OIS*ERSION FUtlCTrON CEOENCS ON THREE VAR FNPOOi It
C ABLES. ANGULA; FR *U N.:Y OM:GA, PHASE V'ZLCCITY V# AND FNMOO2. 12
C DIRECTICN OF OqQOAGATION TI4ETI(. FNPOOI On1TAINS V THROUG FNMOOt 13
C ITS ARGUMENT, OMEGA ANC TH-rIC FRO" COMMON. SUaRO'JTINE FNMOOI 1*.
C NHOFN IS THEN CALLrO TO EVALUATE THE FUNCTION* (SEE P114001 1s

C PIERCE. J.CCPF."4YTICS# FES.,19679 P.34.3-36F~DFN-F~ 16
C TION OF NORPAL .9OOE OISzERSION FUNCTION.) FNMO01 17
o P414001 1s
C LANGUAGE - FORTRAN IV (Z60, REFERENCE MANUAL C28-G515-4) FPOI400 19
C P414001 20
C AUTHORS - A*0.PIERCE ANdC J*aQ5EY9 M.I.T., JUNE919368 FN14001 21
C............................... e414001 22
C P414001 23
C ---- USAG---- FN14001 24
C FN14001 2
C OMEGA MUST BE SICREC IN WORD POSITION 402 OF UNLABELED COH4ON9 AN F'41400 26
C THITC MUST BE IN POSITION 4C4o.- FNMOO1 27
c fN14COt 28
C FNMOGI CALLS SURCOUTIKE NIIOFN WHICH CALLS AAAA'AND RRRR. RQRR FNMO3i. 29
C CALLS AAAA AND tMPMM. ALL THESE SU89OUTINES ARE GESCR13EC ELSE- FNMOOJ. 30
C WHIRE IN THIS SERIES. P414001 31
C FNMI1. 32
C CALLING SE'IUENCE . .FNHOOI 33
C P414001 34
C COMMON CPI(40Il9CMZGA9CM29THSTK - NMOOI 35
C OIIE6A X XXX . P4101 36
c THETK a XXX . --. .... P140 3?
C V axxx PNMOOI 38
C FUNCTN x F414001(V) ... F. . . .. P140 39

CINPUTS -FNeeIOOL 41

C V PHASE VELOCITY (KM/9EC). FN14COI 43
C R#4 44N40I -I'

C NOI 5
C OMEGA -A1GULAR FREOL'ENCY (J4ACIANS/SEC)o P414001 45

C pRa, FNROOI 4.7
C FNMOOI 48
C TI4ETK PHASF VELOCITY CIRECTION MEASURED CO'INrER-CLOCKWISE FROa FNNOOI 49
C R9P4 X-AXIS* P4MCDL 50
C . . - .**PMO'O1 51
C OUTPUTS P414001 52
C P414001 S3
C THE ONLY CUTPUT IS THE VALUE 0F THE NORMAL MOCE CISPERSrON FUNCTO FNPOOI 54
C FOR THE VALUES OF V9 OlEGA, A40 TMETK WHICH HAVE MEEN INPUT* FNMOOI 55
C P4MCOI 5
C *FNMOOI 57
C .. RGA OLW EO - FNMOCI 58
C . .. . . . . . .. ~-FNMOOX 59
C FPlOOI 60

- ...- 41401 61
DIMENSION cI(ioc),vxit(100) VYI(LOG).'41(100) FNMOOI 62
COMMON IPAXCIVX1,VY1,HIOMEGACVPHSECTHETK - FNHOOI 63

C FNHOOI 64
C OMEGA ANO THETC OBTAINED FRCM COMM1ON _ _.- FNMOOI 6S

O"EGA=OMEGA': F141400 66
CALL NMOFN(OMEGAVTHEII(,L#FOK) . . . P140 67
FNMOD1:FPP FN.ODi 68
RETURN FNMOOI 69
ENO FNMOOI.. 70
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SUBROUTIN LNIGTI4P(OM.VINNOENOPNVPNVPPN,KLT4EII LmGrNo 1
C NGHNISBRU S Y1468 LAT AR I -- KI LNGTI4N 2 I

CLNGTHN 3

C TITLE LNGTHN -TEtTI N0EP CtGLNGTNN 7
C LENGTH4ENT4 TRXI10 SYCON KL ROWS ViTWEEN THE 1 AN4 LNGTHN a
C Nl*t ROWS LNGTHN q
C LNGT'4N 10

CLNGTHt, AOOS RL ELEMENTS TO THE VECTOR OF PHASE VELOCtTtn UNGTHN lI
-; 9 III H INTERVA 3ATWE(EN EDi AND SUROUINE INTO LNGTHN 12,

CKL*1 COVAL PARTS. FOR EACH NEW PHAST_ VFLCCITY* A NEW RO LNGTHN 13

C J.M.POS!TO MTE t N E.1568I (EIEDI SBOTIE LG N 1

o . LNGTHN 16

C LNGTHN 20
c ...-USAGE---- L.NGTNN 21
C LNGTNN 22
c OMV9It4MCDE MUST 9 OtPEP.StONEO IN THE CALLING PROGRAM LMGT'4N 23
C WHOPH IS ONLY SUMRUTF.E CALLED LNGTHN 24
c. LNGTHN 2s
C FORTRAN USAG! LNGTWN 26
C CALL LNGTHN(OMV.INMOCZ.NOHINVPNVPPN1,KL.THETKI LNGTHN 27
C LNGTHN 25
C INPUTS LI4GTHN 29
C LNGTHN 30
C O" VECTOR WHOSE ELEMENTS ARE THE VALUES Of AN~GULAR FRE- LfIGTHN 31
C .R*4101 QUENCY CORRES;ONOiNG TO THE COLUPNS OF THE INNOGE MATRIX LNGTHN 32

C V VECTOR WHOSE ELEMENTS AQV THE VALUES OF P'IAS! VELOCITY LNGT'4N 33

C lR*4(O CORRESPONDING TO THE qOWS OF THE INMODE MATRIX. LNGTHN 35
C.* LNGTHN 36
C INMOOE EACH EL!ME.T CF THIS MITRIX CORPESOONOS TO A POINT IN TM LNGT'IN fl
C 144(01 FRqEUNCY (0m) - CHASS VELO^CITY CV) CLAtJE. IF THE NORMA LNGTMN 38
C * .,..* MOOE CISPERSICh FUNCTICk t~cP) IS c

0 StTIVZ At THAT POINT LNGTHN 39
C THE ELEMENT IS *it IF 9PP IS NEGATIVE* T4E ELEPENT IS LNGT'iN 5.0
C -19 If FPF CCES NOT EXIST, TH--E L MENT IS S. INMOCDE HA LNGT'4N 5.1
C NVP ROWS (I1KC=EASSO TO NVOPI.ANO NOMl COLUMNS. MATRIX IS LNGT'4N '2
C STORED IN VECTCR FOQH COLUMN AFTER COLUMN. LNGT4N 4.3
C NOR THE NUMeER OF ELEMENTS IN Oh. LNGTHN 445
C. I*4. LNGT'4N 45
C NYP 'THE NUM9EQ OF ELEME14TS IN V (WHEN LNGTIIN IS CALLED)o LNGT'4N 1.6

c 11.4 LNGTI4N 1.7
C NL NUMqEP OF INCCE ROW IMI4EO1ATELY AeOY! SPACE IN WHICH NE LNGTHN 1.8
C 1*4 ROWS ARE TO Bi AOCED . .LNGTHN 4.9
C L'4GT4N so
C KL . NUMOER OF ROWS TO 9! AOCED.....-. * LNGTHN 51
C 14 LNGTHN 52
C -THETK PHASE VELOCITY DIRECT ION (RADIANS) **LNGTHN 53
C R04 LNGTI4N S4.
C .. .***LNGTHN 55
C OUTPUTS LNGTMN 56

.0 LNGTHN 57
C THE OUTPUTS ARE NVPP (a NVP 4KL) AND REVISED VERSIONS OF V A1.0 LNGTHN se
C INMOOE.............- . . .. . . . LNGTI4N 59
C: LNGTH fi0
C - -. . . . . . . . -*.*.. LNGTHN 61
C ... EXAMPLE... LNGTHN 62

C.LNGTHN 63
C :VALUES OF INMOOC N.OT VALIOD- FOR ILLUSTRATION PURPOSES ONLY LNGTHN 64

o .. NGTHN 65
C M102OLNGTNN 66
C . - O'l1.0,2*O0.. ~ . LNGTHN 67
C INMOOES19-19-1,1 LNGTHN 66
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CCALL L"aGTHNIOMV. INMOOE,2.Z.NVPP.1,3.THETKI LNGTHN 69
C LXGT414 70
C UPON RETURN TO CALLING PROGRAM THE VALUES OF V AND NVPP ARE LGT4N ?I
CVu.,.51517,.- LNGTHN 72
C NVPPs.. . LNGTHN 7

*C INMOOC WILLt eE OF THE FORMH LNGTHN 74
CINHOO~z1,YqYT,.1.-1,Yyyq,1 LNGTHN 75

c WHERE THE Y"S ARE NCW ELEMENTS* EACH OF WHICH MAY BE -1. .1. LNGTH4N 76
C -OR 5 LNGTHN 77
C Lt4GTHN 76
C OURIGINAL MATRIX EXPANDED MATRIX LPIGTHN 79

-*C LNGTI4N so
c -*4 LNGTHN 81
C -* T LNGTHN 82
C VT LNGr4N 83
C TV LNGTHN b4
C ... **. *.. . . . .-. LNGTHN a5

C. . LNGTHN 16i
c , LNGTHN 87
c ...-PROGRAM FOLLOWS SeLOW---- L44GTHN 6s
C - LNGTHN 89
C LNGTI$N 90
c LNGTHN 91
C VARIABLE 01MENSIONINS LNGTHN 92

DIMENSION O4(1),o(1).9dPODr(I LNGtHN 93
COMMON IHAXC111009,VXLI0),VYI(100),HI(100) L4IGTHN 94
OILVP 8 (V~tIL.+)-V(NI)) / (KL+1) LNGTHN 95

C OELP0 IS THE INTERVAL OF PleAS VELOCITIES FOR THE ADDED ROWS. LNGIHN 96

C hV§P 1S T'IE 4EW NUMBER OF 4OWS IN THE TOTAL HATRIX. LNGH 97
cLNG)WN 99

C k2 IS NEW NUPBER OF CLO ROW 90. fNI1Il LNGT4N 100
. Z 8NI 4KL +I ~..LNGTHN ICl

c LNGTHN 102
C0 SHIFT OLO VALUES OF V(I) IN LOWER ROWS TO I#KL SPOT9 ONE W4AS TO LfIGTHN 103
C SHIFT THE NVF ELEMENT FIRST. NJOTE THAT I R.ANGES FROM NVP' TO NZ LPaGTHN 10'.
C DOWNWARD WHILE I-KL 4ANGES FROM NVF TO NtI1 LNGTHN 105

00 71 IP 2N2vNVP0 LNGT'ON 106
I a NVOP - CIP-Ni2) .*LNGTHN 107

71 V(I) 8 ViI-KLI LNGTHN 108
c LNGIHN 109
C NEW VALUES Of VP ARE INSERTED INTO V LNGTHN 110

00 72 IP*I.KL .. . .. LNGTHN tit

I'9a 2.i 1 LNGTON 112
* .7 VtI) 3 V (HI) + IOELVP................. LNGTHN 113
c LNGTHN 114
.0 BEGINNING At THE RIGHT INPCOE IS LENGTHENED COLUMN BY COLUtIN LNGTHN 115

00 90 JPxI.NOM LNGTHN 116
j a PION - UJP-I) -. . . . . LNGTHN It?

00 90 IPSInvpp. LNGTHN 11s
I i. NVPP- LIP-I)11 LNGTHN 119 4

c LNGT4N 120
C THr XJ ELEMENT IN THE INPCCE VECTOR IS THE J ELEMENT IN THE I ROW OF LNGTHN 121
C THE NEW INMODE MATRIX LNGTHW 122

* IJ a IJ-1)*NVPF * 1...............-* LNGTHN 123
c LNGT'4N 124.
C IF I CORqES'ONDS TO A 4EW ROW INMODECIJ) MUST SE DETERMINED FROM NMOF LfIGr4N 125

If (IoGToNIeANO.I*LT.92) GO TO 9 LNGIHN 126
C LNGTWN 127

*C IJOLO IS NO. OF ELEMENT IN CLO INMOOE VECTOR WHICH IS TO BE P.OVEC TNT LNGTIiN 124
C IJ POSITION OF NEW VECTOR LNGTHN 12'j

IJOLO a fJ-l)*hVc + I LNGT4?4 I3o
C NOTE THAT TOLD IS ALb-AYS :IF I *LT* NI BUT TOLD IS I-KL IF I .GE* N2 LNGTHN 131
C IJOLC IS COMPUTED ON THE 8ASIS OF NVP RATHER THAN I4VPP ROWS. LNGTHN 132
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If CZ*GE.NZ) IJOLO IJCLD KtCI LNGTqN 133
INHOOE(XJ) z INMCOEIJCLD) LNGTHN 134.
60 ro so LNGTI4N 135

C LtGTHN - 136
9 CALL NMOFN(014(J) .VCII*THETKvLvFPO*Kl LNGT#4N 137

C LNGTHN 136
C If FPP EXISTS L WI AND INRCOE(!JI s (FPO/ASStFppll LNGTHN 139

INHOOE(1JI I LNGTNN 140
IF (LEQ.1.ANO.FFP.LE.0.O) NNOCE(ZJ) S -L LNGTHN 141

C FP OSKTEITLNGTHN 14.2
C IF FP OSNTE IL s-1 LNGINN 143

If £L*EO.-L) INNODE(IJ):S LNGTI4N 144
C LNGTHN 145

40 CONTINUE LNGTI4N 11.6
to CONTINUE LNGt#HN 14?

RETURN LNGTHN 146
ENO LNGTNN 149
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SUBROUTINE H"t"P(O1EGAAKXAKYC.VX.VV.H.*EM) N"h,9
C H... tSUBROUTINEl o~ 72 Sf6 A LAST- CARD IN DECK IS ....4 2
c "MP" 3
c ---- ABSTRACT---- P~l~

C -TITLE - NlIM MHHM 6
C THIS SUIROLUTINE CCHPUTES THE 2-4Y-Z TRANSFTR PATRrx E" W41CH MmNm
C CONNECTS THE SOLUTICNS OF THE RESInUAL Ef2UiTIOINS AT T'4E TOa' MNPM 8
C OF A 1,AYER TO THOSE AT THE BOTTOMt OF riHE LAYER BY THE 9ELATIOI4 MM' 9
C ""MRt 10
C P41Z EHI,1)"0H11(Ze#M)* E,'s(i*Z)*pt4I2tZ9*I) MMt 11

cWHERE Z3 OE OTES THE i-EIGNT CF THi 30TTON OF AN ISOTHERMAL. "rpm 1s

C LAYER (THICKNESS H) %IlT" CONSTANT WINOS. TW4! QUANTITIES "Mm 16
C PNZI(Z) AND P1412(Z) SATISFY THE RESIDUAL E.OUATIONS. M" 17

C WHERE WMN

C "MM 2
o WHR T H (9)AE OSATOE THLAE FUC ND WHEMOR~ NMM 23

c TEN~Z Av2= A) OS CC THIS BAOIS ONVE CRANCY H WAVE NU9q S'MMM. 25

C _ _ SP 1OAN WCIIX VELT BY C4AI SOROUINEl ""AA" 2MI 6

C WHR MMM 2

o NDMmm 39
C ATO AN AOPERE CtA,* PIS H ON TA.(.I INDICES6 "MNN 10

C...........* 0 - CA;ING SHEUNCTIN.-AOSA R DFFZ;* IN "Mf 1.2

c kuN 34

C SEE9ADWIOVLCTYB ALN SUBROUTINES NAIAARR emrnr 36

C CAGALL FORITR(MGAXAN IV (3609 YEP EMANA C2 .5S4 "MM" 46
C MNmN 39
C AUHO. A* --EXERNAL.Te SUOUTINES REOJIED-- #N48
C Mr.MM 419

C --- ALLGUN STEC---- NMNN 52
C "MM" 53
C EG RROTIE NO INPRRR MMMM 51.
c AIMENSO R'I,2 NO IPMMH 45

o CAL M R1.EG*KvKYCV*V*#M NO IMMM 47

C VYR C N MMM 59

C E* - B-EXERA OUBRUIE EQIE-- MMMII 61
c HMMN 169

C. MMMII 61L I--AGNN.LS-- P"S[ S3
c OMEGA _________NO____N____________



C NM"M" 66
C OMEGA zANGULAR FRECUENCY IN RACtSEC "mm" 67
C AKX UX COMPONENT OF HORIZONTAL WAVE NUMOMq VECTOR IN i/KM MM"M fi6
C AKY zY COMFOKENT OF 40PIZONTAL WAVE NUMBER VECTOR IN 1/KM ttMtl 69
C C XSOUNO SFErO IN i(M/SEC "9PNM 70
o WE * X COHPONENT OF WING vCLOCIrY IN '(ilSEC ""M" 71
o VT ZY COMPONENT OF WING VELOCITY IN KM/SEC MMN 72
C 9 THICKNESS IN. K" OF LAYER "14M" 73
o MNImm 71.
C ---- OUTFUTS---- . MMM 75

c "MM ?6
C ENq 22-'!Y-2 TRANSFER MATRIX WHICH RELATES THE SOLUTIONS 0 MMMN 77
C THE RESIIIUAL EInUATICNS AT TETOO O A LAYER TO THIOS MMM 7

C Al THE 6011CMOF THE LAYER NM7

C H... so
C ---- PROGRAM FOLLOWS SELOW---- . NNM a1
C *. MHMM 62

DIMENSION A(292)*E"(2.2) MNIn 684

CCOMPUTE 4(19J), CAI(X), ANC SAI(X) ."M 6
CALL AAAA(OMEGA*A,(XAKY*C,VXVY*A) MM 87

CA*CAI(X) N#IMM 89
SASSAIMX mmmI 190

C MMM CAI
4C COMPUTE THE TERMS -I4SAI(X)*AtIoJl " MR 92

TASH*SA MMI 93
0090o 12192 94... IM
00 90 J2192 HmMM 95

40 CfI(Ij)z-TAhI..J) NmM 96
C MMM 97
C A00 IN CAI(X)*KOELTA(I,J) TERMS ST AGOING CA TO DIAGONAL ELEMENTS MMIIN 96

00 190 Ix1,Z .. MMN 99
ISO EMtlI)mEmtIqIB*CA MMI 1oo

C mmmI5 1.O
RETURN "MmM 102
ENO MMMN 103
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SUBRfOUTINE MOOEI (IST.JSTNMODEXSTKFIONNOOVOtlDDNROWNCOL9 MO0ETR
I ZNNO~o.OM9VPIPUO) NOOE-TR 2

C SHOOFT SSOTIE /56 LAST CARD IN CECK IS MODEYR 3
C HDDETR 4
C NODEYR 5
C --- ABSTRACT---- "OOETR 6

C NO.LT 7
C TITLE - IQDETR OE. S
C PROGRA" TO TAMUATE A TABLE OF P44SE VELOCITY VERSUS FRElUFNCY "OO;YR
oFOR A GIVEN GUIOEC MC3o. THE NORPAL MODE OIS=EiSION FUNCTO *MO&ETR 10

C IS ZERO FOR EACH LISTING OF T14E TABLE. THE COMPUTATIONAL MOOETR 1I
o METHOD IS BASED ON THC PPEVIOUSLY Co.9FUTEO VALUrS OF THE NMOF "OOETR 12
C SIGN lNMOO((J-l1 N;G;+I) AT POINTS "f.J IN A RECTANGULAP MOO;TR 13
C ARRAY OF NR0W ROWS ANC NCOL CCLUM'4S. DIFFERENT COLUMNS (J) MOCCTR 14
C CORRESPONO TO DIFF=;:!NT FESOUSNCITZS WH4ILE nIFFERENT ROWS (1) MOD!ETR* i5o COREZSPONO TO DIFFECENT PHASE VEL3CITIES. DISPERSION CURVES HOEYR 16,
C OF VARIOUS MOCES APPEAR ON THIS ARRAY AS LINES OF DEMARCATION MOGETR 17
C dErWEi-N ADJACENT PSGICNS WITH DIFFERrENT INMODES. TWO ACJACENr mooETR In
C POINTS WITH INiIODES CF OPPOSITE SIGN B3RACKET A POINT ON HE' KOEYR 19
C ACTUAL OISOSRSION CURVE. IF THE POINTS CORRESOONO TO THE SAME "ODEYR 20
C FREQUENCY. THEN THE PH4ASE VELOCITY CORRESFONCING TO THAT CMEGA 400STR 21
c ON THE DISPERSION CURVE IS FOUNO lY CALLING RTHI9 A 360 OACKAG HOODETR 22
C ROUTINE FOR SOLVING NONLINEAR rfWATIONS, AND CONSIDERING 711S MOOPTR 23
C NMOF AS A FUNCTION OF VFHSr WITH OMEGA FIXED. SIPILARI., rF "OOZ:TR 24
C THE PO014TS COPRESPCNC TO THE SAME PHASE VELOCITY* THE APPROPRI MOOETR 25
C 0O9EGA CORRESPONDING TC THIS PHASE VELOCITY IS FOUND BY CALLING MOO :TR 26
C RTMI WITH THE NMCF CONSIDERED AS A FUNCTION OF OMEGA %IrH HODETR 2?
C -V9HSE FIXE~O MOOETR 28
c "OCEYR 29
C THE PROGRAM SUCCESSIVVLY CONSIDERS EACH PAIR OF ADJACENt POINT MCDETR 3c
C WITH OPPOSITE INMGCCS IPACKETING A LINE OF DEPARCATION ANC MODEYR 31
C PROCEEDS IN THE DIRECTION OF INCREASrNG FRE06UENCY U'40ER THE MODETR 32

C. ASSUMPTION THAT THE PHASE VELOCITY CURVE SLOPES DOWNWARDS. MOOSTR .33

C "OOETR 34
C PROGRAM NOTES .. ODETR 35
C NOOETR 36
C THE MOES ARE NU49ERED. T4E INPUT INTEGER NMOOE OfSrGNA MODEYR 37
C W4ICH MOOE IS EZING TA9ULATED. THE OAIUS OF FREQUENCY MQooETR 1
C AND PHASE VELCCITY VALUES ARE STORED AS OVOGr.STt4ODEl MOOETR 39
C OHO(S(iC)1 O~C(S(MO)2,......, MOOSTR 4.0
C . OnNoo(KFIN(NflCE)IVOtMOC(KST(NNOE)),VP,'DCKST(NMQOE),1) MOCETR 4t
C .. ...... VPOO(KFIN(NMOlS)). T4-: ARPAYS OMMOO AND VQNOq "OOETR '.2
C RE USEC TO STORE 0ISPE2SION CURVES FOR ALL MODES. MODEYR 43
C MOOETR 446
C *. STINPODE) IS INPUT WHILE KFIN(NMOOE) IS DETERMIN-zD nURI MOCSYR '.5
C TRE CCPUIATICK. T-Ir TOTAL N1UMOER CF POINTS EXTPACTACLE MOOETR '6
C FROM THE ARrAY OF 1'4400E VALUES DETERMINES KFIN-KSTflo MODETR 47
C IF A SINGLE PCINT CANNOT BE CALCULATED, THE PROGRAM HODETR 4.6
C RETURNS KRUO=-l. OTHERWISEz IT RETURNS KRUGMI& MODETR 49
c " ODETR s0
C........THE SUflROUTINE RTMI FOR SOLVINGO A NONLINEAR EqUATION MOOSTR 51
C IS ALLOhEO A MAXIPUN OF TEN ITERATIONS TO FIN9 THE MODETR S2
C PHASE VELOCITY TO ACCURACY OF l.E-5 KM/SEC DR THE "OOETR 53
C FREOUENCY TO FCUR SISKIFICANT FIGURES. IF THE SEARCH IS MODEYTR 54
C UNSUCCESSFUL A ItESSAGE IS PRINTED AND THE POINT IS I400ETR 55
C SKIPPED OVEP. NOOSTr 56
C MOOETR 5?
C THE INPUT PAPAPSTEQS ISToJST ARE COORDINATES OF A l-'qINT t1OnEtR 58
C THE INMODE AFRAY. THIS POIAT SHOULD BE THAT POINT Flt '!T4 .1OOETR 59

dTO THE UPPER LEFT OF THCSEr POINTS LY1I'G nSLOw THE LINE 0 HO'.~ 60
C CEMARCA71ON FCA THE MODE COKSIDERED. PROVIDING THAT ODIN MOOETR 61
C DOES NOT HAVE IMDOE=So "OOSYR 62
C MOOETR 63
C LANGUAGE -FORTRAN IV (360, REFEPENCE MANUAL C22-6515-41 NOnSTR 64
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C A6TN0C - A.O*PIERCE9 h.I.T., JUNE,1,968 " OOSTR 6S
C NOETR 66
C ~--CALLING SEQUENCE---- NOCETR 67
c HOOETR 68
C SEE SUBROUJTINE ALL00 MOeoEtR 69
C DIMIENSION KST(13,KFIN(1),OMMO(1),VPMOOf1)INtUE±)OM(.),VPCI) IIODETR 70
C (SU9ROUTINE USES VARIABLE DIMENSIONING) lIOOEYR 71,
C CALL MoOETR(IST.JSr*NPCCEKSTKI4,OMoo*vPMOooNRoWIlcoL.INPoDE, MOOEIR 72
C I OMVVPKRUD) MOOETR 73
C ZF( KRUO .EQ* I I GO SCflEWHERE "bOOTR 74.
C M ODETM 75
C ---- EXTERKAL SIJ'1OUTrNES REOUIREO---- MOnETR 76
C NOOET9R 7?

isC NXTPNT9 PTHI, FNI1OO1, FNPOO02* N1'OFNv AAAA9,*RRRR* MNMHCA.IS41 NOO=TR 78
C tFNIIOOI AND Ft4POOE CALL NMOFNv WHICH IN TURN CALLS AAAA AND RRR MOnc5TR 79
C RORR CALLS AAAA ANO PtP'M CESCRIPTIONS OF THESE PROGPAMS ARE "OOETR s0
C GIVEN.ELSEWHERE IN THIS SERIES.) 100ETR 81
C MOOETR 62
C RYMI IS A SUBROUTINE CCOED BY IBM1 TO DETERMINE A RCOT OF A GENERA IIOOSTR 83
C NONLINEA4 EGIIATICN FfX129 BY 1MEAKS OF MUELLER-S ITERATION SCHEME NOOEVR 64
C OF SUCCESSIVE RISECTICK At4D INVEqSE PARAEOLIC INTEROOLATXO4. A MOCETR as
C COMPLETE DESCRIPTION ANC DECK LISTING IS GIVEN ON PAGES 19e-199 0 MOOETR 86
C.. GOCUMENT 1420-02C5-29 SYSTE**/360 SCIEKTIFIC SUnRO'JTINE PACXAGE MOOETR 8?
C (3&QA-C"-03X) VEOSION 119 OPOGRAMMER-S 4ANVAL9 IetM, TECHNICAL "OCETR 8
C PUeLICATIONS OEPARTMEhr, 112 EAST POST ROAD; WHITE PLAINS, N.Y. MODETR 89
C 10601, PUBLISHED 1966, 1%6?. MOOETR 90
C " OOMT 91
C ----A#GUMENT LIST---- MOOETR "'2
C ...- .. . ..-. MOOETR 93
C IST 1*4 NO INP NOOETR 94.
C JST - 104 NO -INP NOOETR 95
C * WOOE 14. NO0 IND MOOCTR 96
o KS? 1s'4 VAR INP (ONLY KST(NMOOEI NEECEO) MOOETR 97
C KPIN 164 'JAR OUT (ONLY 'K7IN(NNOOE) COMPUTED) MOOETR 98
C. . 01110(N1 R"4 VAR CUT (COPPUTED FOR N .GEe KST(MtIODE)) IIODEYR 99
C VPIIOO(N) R*8. VAR OUT (COMPUTED FOR N aGE. KST(NMCOE)l MOOETR 1e0
o NROW 104 NO INP. MODSYR 101
C WOOL 164 NO IND $OOETR 102
C INMOOC 1*4 VAR IMP H ODETR 103
C ON R*4 VAP IN' MOOETR 104
0. VIP R*4. VAR IMP .NOOETR 105
C KRUD I". NO OUT NOOETR 106

COMMION STORAGE USEC - = MOOEVR 107
C COMMON4 IMAX(CIVXIVY1,HIOMEGACVONSECTHETK - *. MOOETR Icq
o MOOZTR 110
C IMAX 144 NO INP - -. IOOETR I1I.
C CI R'04 100 IN' "OOETR 112
C... U?1 R*4 100 IMP..... - "ODETR 113
C VYK R44 100 INO MODEYR 114.
C "I R'04 100 INO - OOSTR 115
C ONEGAC R*4 ND OUT (USEG INTERNALLY) MOOETR 116
C VPHSEC R'64 NO OUT (USED INTERNALLY) NOOETR It?
C THFTK R#I. NO IMP MOOETR 118
C .. . . .OOTYR 119
C --- INPUTS---- NOOErR 120
C MOOETR 121
C IST wROW INDEX CF START POINT. WHICH MUST LIE BELOW LINE ODETR 122
C OF CENARCATION MOOETR 123
o JST 2COLUMN INCEX Ov STA4T OO014T NOOETR 124
C NMOOE zNUM43ER LAELLING hODE rO Or TABULATED MODEYR 125
C KST(NMOOE) INOErX OF C1OC AIKO VDPOC CORRESPONDING TO FIRST MOOETR 126
o PCINT TABULATED. NODETR ±2T
C KROW 2NUMeER OF ROWS IN IhMO0DE ARRAY MODETR 128
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*C NCOL SNUH*ER OF COLUMNS IN INMOOE ARRAY MODEYR 12;
C INHOOE MARRAY WHOSE (J-11*NROW#I-TH ELEME4T IS THE SIGN OF kOOETR 1.30

CTHE NORPAL MOCE DISPERSION, FUNCTION W4EN OMEGAvON(J) MOOETR 11
ON VPHSEXVD(I). MOf 3
VP a =VECTOR OF PHASE VNCIES AT W ICH INOO IS HUATO ODEYR 13'3

C P VECTOR OF PHAE ECIIES A WHICH INMOO r IS UATO ODSTR 033

WC TABULATED, "OOETR 135
C ZHz NUM'0EP OF ATMOSPHERIC LAYERS OF FINITE THICKNESS* '400ETR 136
C CIII) uSOUND SPEED 1N !-TH LAYER IN KM/SEC. *MOOETR 137
C MXIII). wX COMPONENT OF WINO VELOCITY IN I-TH LAYSR IN KP/SEC MODETR 138
C VYII I) zY COMPONENT OF WING VELOCITY IN I-TN LAYER IN XM/SEC MOCETR 139
C HIM(1 aTHICKNESS IN KM OF I-T4 LAYER MOOETR 140
C THETK xPHASE VELCCITY CIRECTION IN RADIANS W.R.T. X AXIS MOOETR 141
C HOOETR 142
C ----OUTFUTS---- HOOETR 143,
C NOO&YR 144
C ; F!N(4MNOE) 2INCF(e OF CI4MOO ANO VPMOO CORREiPONOING TO LAST HOGETR 145
C PO1t.' TAEULATED. HIOEYR 146
C *. OMOO(N) *ANGULAR FREQUENCY CF POINTS ON DISPERSION CURVE. IIOOETR 147
C NaKSTfhMOOE) UP TO KFIN(4MOCE) CORRESPONDS TO NMOOE 40GETR t4.8
C "ODE* HOOETR 149
C VPNOO(N) zPHASE VELOCITY OF POINTS ON DISvERSICN CURVE* HOOEYR ISO
C * NUKST(NMCCE) UF TC KFIN(14MOOE) CORRESPONOS TO N400E MODETR 151
C "ODE* "OOETR 152
C ... KRUO. *FLAG INDICATING IF ANY POINTS ON DISPERION CURVE MOOETR 153
C "AVE BEEN FOU01o. I IF YES, -1. IF NO. HOOBYR 154
C ONEGAC *INTERNALLY USED FREOUENCY TRANSPITTEO AMONG sue- HOOETR 155
c . OUTINES TH4ROUGH COMMON HODEtR 156
C VPHSEC SINTERNALLY USEC FHASE VELOCITY TRANSMITTED AMONG NOOETR i57
C SUBROUTINES THROUIGH COMMON. HOOETR 158

C OOETR 159
C ---- IXAPPLE---- NOOETR 160

C. OOEYR 161
*C SUPPOSE THE TAELS OF INPCOE VALUES IS AS SHOWN OELOW WIT" HOOET' 162

le1 .. * -. "OOETR 163
C *....... NRCNX7, NCOLS14 MODETR 164
C "OOETR 165
C "-*4G.4* Ot.,2.,4.,6.,e.,.,.,.,. OOETR 166
C IO -- ,"..*. 1' OOETR 167,
c C... I4**4OOEYR 166
C ........... VPv.5vo45,.I.Ov*35,.3Q992Sv*2Q MODETR 169
C ...... OOETR 170
C . -.. NNCE29 IST*3, JST319 KSTCL)S? .. OOETR 171
C HOOETR 172
C THEN ONE HIGHT FIND KRUCa1, KFIN(2)z239 ANO HOGEYR 173
C ?IOOSTR 174.
C 0W100(1).1 VPHOO(7)s.43 O'4MOO(16)x.75 VOMOO(161263 MODETR 175
C OMHOotaGI.2 VPMOO(312.I.2 04MOO(171Z.S V0blOOl712.2q MOOETR 176
C oMMOD(9)2.3 VPMO(q)=.'1 O01MOD1A)z.9 VP400(18)=.285 MOOE-TR 177
C OMMCD(16)2.23 VPMOc(1).. ONmOD(19121.0 VPMOo(19)=.28 MODETR 178
C OMNOD(1i)x.36 VP?'GO(11):.-3S OMMO9(2O)x1.1 VOMOI3(2O):.27 MOOErR 179
C O"MOO1212.40 VPMOC(12):.34 0PM0(2112I.2 VFMCnf21)a.2SS MOOETR 180
C ..-ONMOO(13)=.50 VPMOC(13):.33 OMMOOI2)x1.3 VOOI(221)'.26 MOiIETR 181
C OM"CO(14)=.6C VPMOD(14d:.32 OMMOO(23)x1.4 VPMOO(2312*255 MOOETR 182

fC......oHMoo(15):.070 VPMOO(151:.31t HOOETR 153

cHOOETR 184.
C OOETR 185

C ---- PROGRAM FCLLOWS BELOW---- HOOETR 186
C ____ . . . . . . .. OWER 187
C HOGETR 18e
c N OIJETR 189

DIMENSION Crio0),vxiti00ivyriUco)4I(100) HOOETR 190
43IMENSION KST(1),KFIN(11,O'O!)(1)VPMODtl),Ik11OOE(IIOMi1),VF(1) MOOSTR 191.
COMMON IMAXsCIVXIVYIMICMEGACVPHSECTHErK MOOSTR 192
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C MOCETR t
C FuNCToION Fhrool 41-0 FNP0O2 ARE SED AS ARGUMENTS Of RYNI NOOCYR 1%

EXTEIgNAL FNN0CI1,FNH002 AR OCETR 195

C NOEX OF FIRST POINT ON DISPERSION CURVE IS LARELLEO AS K HOS 197
KSKST(NNOOE) HOOETR 198*J1SvtjsT-Il'NpONIST "OOEYR 200
IO8IN40E (J5) H"OO!TQ 201

C WE CHECK Td SEE IF POINT AeOVE (ISTSST) HAS A DIWFERENT INIOOE MOOETR 203
2 MI(ST .EO. 1)3 GO TO 5 MOOETR 204

* J6*(JST-1)*Npow~IsT-1 NOCETR 205
;EUPUMNODE(J6) HOOEYR 206
IP(IUP'sEQ. -10) GO TO 10 NOOETR 207*

C "OOETR 208
C IF IT OOEShT, WE CHECK THE POINT ON THE RIGHT.*W CAN ALSO ARRIVE AT HOnEYR 209
C 9 FACN 2 IF ISTUI. OEYR 210

5 IM(ST .CQ. ?'COL) GO TO 6 - .. . . OOETR 211
4?a(JSTI*NROWIST "OflETR 212

* ISIQSINNCDEIJ7) - OOETR 203
IFI .ED* -10) GO TO IS NOOCTR 214

CHOOMY 21S
C IF WE ARRIVE AT 8s WF CANNKOT FIND A POINT EITHER ABOVE OR TO THE RIGH IIOOSTR 216

.-C Of tISTJST) WHICH HAS A INKOOE OF OPOSITE SIGN* HODEYR 22.7
8 KRUOU-1 "OOETR 218
RETURN M OOETR 22.9

C OOETR 220
C WE ASSIGN A TYDE INDEX TO THE 9014T (ISTJST)e SEE DESCRIPTION Cr HOCETR 221
C NXTPINT FOR nLkFINITIOK OF TYPE INDEX* HOOETR 222
* 10 ITYPIal MOOETR 223

C*OPPOSITZ SIGN ABOVE - . . . .- OOET* 225
so TO 20 NOOETR 226

S.. ~ . ... ~*... .. OOETR 227
15 ITYPISI HODEYP. 228

.C OPPOSITE SIGH TO RIGHT "~.. . .. OOCVR 229
c "OOETR 230
C WE NOW CAN IDENTIFY CUR FIRST BRACKETING - OOSTR 232.

20 1181ST NOOETR 232
JIsJST " . . . . . . OOEYR 233

c HODEYR 234.
C STATCHENT 2S'IS START OF LCOP TERMI!NATING AT 190. EACH PASSAGE THROU MOOETR 235
C LOOP GENERATES A NEW POINT CN THE CISDERSION CURVE* HOOSTR 236

25 IFITY01 9EQ. 2) GO 10 50 .. . .. . OOETR 237
C HODEYR 2af8
C CALCULATION IF ITY012i. STORE FP.EOUcNCY IN COMNO04o FIND PHASE VELO- MOOZTR 231
C CITY WITHIN SRACKETEC INTERVAL* HOD!TR 25.0

- OHEGACDM(JI) ... ,. - -- MOOETR 24.1
*VOOWNsVP(I1) HOOETR" 24.2
VU'2VP(I1-1)*. . .. . MOCETR 24.3
EPS'1 .E-6 HOOrETR 244
CALL RTMI(VAF.FlKMOD1,'COWNVUPCPS.6,IERI *. . OOETR 28.5
OHNOD(Kl=0'IEGAC "ODEYR 246
VPMOD(K3:VA . ....- - . . .ODETR 247
Go to too HOOE1W 246

C ooETR 249
C CALCULATION IF ITYPI22. STORE PHASE VELOCITY IN COPeION. FIND FREQUE HOGETR 250
C IN BRACKE1EC IflTERVALe " -.. ~ .IODSTR 251

SO VPHSEC2VPIII) HOOEYR 252
*ONLEFSCMtJi3 - .-..... * OOETR 253

*OHRIT20"(Ji.) .. OOETR 254.
EPS:(1.E-6) #OMRIT HOOETP 255
CALL RTMItIOMA.F.FNM02.CMLEFOMRITEPS,6,IERI "OOSTR 256
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ONNOO(00 -ONA NOOftr 2S?
VPNOOIK)-VPHSEC NOOSTR 258

c HOOSTR 259
10 CONTINUE HOOETR 260

C WE "AVE NOW FOUNO THE K-TH POINT. WE 00 NOT YET KNOW IF THIS IS THE HOOETR 261
C FINAL POINT FOq THE NNOOE-TH MODE* WOWEVER* WE SET KFININMOOE):K MOO;TR 262

KFIN(NNOOE)SK HOCETR 263
C WHEN THE SU90 OUTINE RETURNS* THE CURPENT STOREO KFIN(NO0E) WILL 9E NOCETR 264
C THE CORRECT ONE. ................................... .HOOETR 265
C HOOETR 266
C WE NOW PPEPAqE THE SEARCH FOR THE NEXT POINT% NOO;TR 267

KXK*1. NOOETR 268
179 CALL NXTPT(I1JIITYP, I2J2ZITYPNRONCOLZNPOOEKUCOS) P'OOETR 269
190 IF( KUDOS ,EO. -1) GO TO 200 HOOETR 270

11812 .. N OOSTR 271.
JIuJZ NOOETR 272
ITYPIxITYPZ . .. . * ... " WODETR 273

1I GO.TO 25 •OOETR 274
.•NOOETR 275

200 CONTINUE HOOETR 276
C WE CONTINUE PERE AFTER AN UNSUCCrSSFUL ATTENPT TO FINO THE NEXT POINT "OOErR 27?
C PROVIOING WE HAVE FOUND AT LEAST ONE POINT* WE CAN EXIT WITH KRU021e "OnETR 278

IF( K *LE* KST(NPOOE) I GO TO 8. .OOETR 279
KRUOXI HOOSTR 280
RETURN MOCETR 281

C MOOETR 282
[NO NOOETR 283

A



SUBROUTINE KOOLST(MOFNOOHMOVPMO~oAIISTICFIN) mooLsT I
C NOOLST (SU3ROUTINEI 6/19/68 LAST CARD IN DECK IS.MOOLST 2
o . *. OOLST 3
C MOOLSt 4
C ----ABSTRACT---- *~.HOOLST 5
C. MOOLST 6
C MOOLST 7
c TITLE - OLST "OOLST 6.
C TABULATION OF SELECIEC COINTS ON THE CHASE VELOCITY tVPHSEf VS HOOLST 9
C ANGULAR FRECUENCY (CREGA) CURVES OF sELE.cfrD POOES MOOLST 10
C NOOLSY 11
C NO COM6 UTATICN OR CHANGING OF UNITS IS PERFORMED 3Y SUB- MOOLST 12
C ROUTINE DIOOLST, 1T M1ERELY PRINTS OUT THE INPUT IN LIRELE MOOLST 13
C ANDO ORDERED FASHION. HOOLST 14
C "OOLST is
C LANGUAGE - FORTRAN IV (160. REFERENCE MANUAL CZS-GSLS-4) HOOLSY 16
C " IOLST 1?
C AUTHORS - A*O.PIERCE ANC J.POSEYv r.&I.T., JUNE91968 NOOLST i8

*. MOOLST 19
C MOOLST 20
C - --- USAGE---- "OOLST 21
C NOOLST 22
C NO SUBROUTINES ARE CALLED* . OOLST 23
C "OOLST 2'4

C THE CALLING DROGRAtI. (DIMENSION OF KST AND KFIN MUST BE *GE. NMF HOOLST 26
C M OCLST 2?
C FORTRAN USAGE MOOLST 28
C M OOLST 29FTC CALL MOOLSY cmorNvommccvPlMOOKSTKFIN) MOOLST 30
c . . . - OOLS? 31
C INPUTS "OOLST 32
Co HOOLST 33
C M13FND NUMBER OF NME TO BE PQINTE0 OUT* "OOLSI 34
C. 110- NOOLSY 35
C HOOLST 36
C ., OMNOD VECTOR STORING ANGULAR FRz0UENCY CCORDINATE OF FCINTS ON MOOLSt 7
C R#4(O) OISDERSION CUiYES. MOCS Mt 1S STORED FROM ELEMENT KSTCM) MOOLST 38
C THROUGH ELEMrZNT KFIN(P1. ( RAD/SEC )MOOLST 39
C "OOLST 160
C VPMOO VECTOR STORING CHASE VELOCITY COORG1I4ATE OF POINTS CN !IOCLST 41

C. R1040) -DISPERSION CU;YESo flOCS M IS STOREn FRCM ELEMENT KST(Ml MOnLST 42
c THROUG1H ELEMENT KFIN(M). f KM/SEC ) OOLST 43
C "OOLS? 44
C KST SEE OPHOD AND VP"CO ABOVE* .. . . ... OOLSV k5

.c 144(01 "OOLST 1*6
c . . OOLST 47
C KFIN SEE OPMOD ANO VPMOO ABOVEe HOOLST 48
C 1#410) .. HOnLSt 49
C ROOLSY 50
C OUTPUTS . "OOLST 51
C. MOOLST 52
C THE OUTPUT IS AN CROEREC AND LAEELEO PRINT CUT OF THE INPUTS, EX- MOOLSY 53
C CLUDING KST ANO KPINo ( SEE EXAMPLE BELOW* ) OOLST. 5"
C. NODLSr 55

C NOOLST 56
C ---EXAMPLE---- MIOCLST 57
C NODLST 54
C CALLING PROGPAM NOOL~Sr 59
C "OOLST 60
C DIMENSION KST(2).ICFIN(2).OIMMCO(S),VPMIOO(5) MOOLST 61
C MOFNO 22 MOOLST 6?
C KST 14 NOOLST 63
C KFIN z 2.5 "OOLST 64



C ONNOD x S.1900.2#80.1tc.15,0 HOOLS? 65
- 'C YVMOO a1.O,2.0.?.0#29593.0 WOOLS? 66

C CALL MVOLST 9MOFhO.OPMCG#VPMOOvKST.KFZNV MOOLS? 67
C OOLST 6ig

C PRINT OUT WOOLS?- 69
C "OCLST 70
C -TAOULATION OF FIRST 2 "ODES MOOLS? ?1.
C "OOLS? 72
C KOOLS? 73
C WOOLS? 7'.
C N...WOCE I WOOLS? 75
C WOOLST 76
C HOOLS? 7?
C OMEGA IVAO/SECI VONSE 1KII/S.C). WOOLST 78
C . . OOLS? 79

C06100000 16000000. MOOLS? so
C- 0.200000 2.000000 HOOLS? 81
C. WOOLS? 82

C. WOOLS? 84
C ... "OE 2 WOOLS? 65

C OOLST 86
. C - . .. OOLS? 67

C OMEGA (PAO/SC VPI4SE (KP4/SEC) WOOLS? on
*C .... * OOLS? 69
C 0.0002.000000 WOOLS? 90
C . ..... 0.150000o 2.50000 WOOLS? 91
C 0.200000 3000002l WOOLS? q2

C . ... .-. ... . OOLS? 93
C WOOLS? 94
C END OF EXAflPE . OOLS? 95
C.. WOOLS? 96

C OOLS? 9?
*C .---- PROGNAN FOLLOWS BELOW---- WOOLS? 96

C. . . .. . OOLS? 99
C. OOLS? 100

C WOOLS? 101
C VARIABL! OIIIENSIONING WOOLS? 102

DIMENSION ,FIN(1).OMMCC(1),VQIIOOIII.KST(1) WOOLS? 103
DIMENSION AKI(1000) WOOLS? 104
WRITE(6*111 tIOFNO WOOLS? 105

It FORi4AT(I1.25Xsi9HTAP.ULATICN OF F!QS?, 1696H4 WOOES) WOOLS? 106
00 100 1121,MOFNO - WOLS? 10?
WRITE (6.21) 11 WOOLS? 108

21 FORM1AT(1N 11191H~ 935X* SHMCVr .13/. 1'4 .12X,1SHOHEGA (RAO/SEC)* WfloLST 109
110X.1a4VVHS-- (K"/SrC).13X915NAXI thEPS/Kj /I WOOLS? 1t0
XIUKS?(?I) " OOLS? III
X2 sKPIN(II) WOOLS? 112
00 100 J=KIvK2 WOOLS? 113
OMEGAxOHNOO(J) WOOLS? 114

-. PHSE2VPMOD(Jl WOOLS? 115
AKIPRXAXI (J) WOOLS? 116

_31 FORMAT (1IN .12XF15.8,1OX.V14.8,IOX.5E12.5) WOOLS? L17
WRITE (6.31) ONEGA9VFHSEqAICIPR WOOLS? 11n

100 CONTINUE WOOLS? 11.9
RETURN WOOLS? 120
-ENO.. WOOLS? 121
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,v SURROUTINE MPOUTfMOONV 1V.VZACNvVPtNNOEOHV, THETC) "POUT I
C'. HPOUT (SUBROUTU.E) ?/19068 LAST CARD ZN DECK IS HPOUT 2
C "POUT 3
C "POUT 4
C O.W-ARSTRACT---- HPOUT 5
C "UPOUT 6
C TITLE -FPCUT "POUT 7
C TABULATIO COF NOPEAL MCCE DISPERSION FUNCTION SIGN AT PONTS MPOUT 8
C ZN A RECTANGULAR REGION OF rRE1UENCY - PHASE VELOCITY FLANE MPOUT 9
C "POUT to
C THE VECTOR V T9 PHASE VELOCITIES IS CO)STRUCTEG SY TAICIN MPOUT 1
C VALUES AT IhTERVALS OF ((VA-VN)LNVP-1)) FROM V fOWN TO MPOUT 12
C V e SIMILARLK, V LCTO OM OF ANGULAR FREQUENCIES IS CON- MPCUT 13
C ST1CTEO BY TAKING VALUES At INTER VALS OF ((OHO-C)f "POUT 1*
C (NO- ) FRO" C V UP TO 0142. NXT. MATRIX INOE IS CON HPOUT 15
C STRlJCTrO WITH VO POWS AND 40M COLUMNS. SINCE nMocE IS "POUT 16
C STOREO IN VECTCR FORM# COLUIN AFTER COLUN9, ELEMENT J IN MPOUT 1?
C ROW I IS REMRTSENTEO AINMODE((J l3NVG + I.THE N' ALI MPOUT 18
C OF THIS ELEMEZT IS ETE Q I4ED BY CALLING SUROUTINE NPOF MPOUT 19
C TO EVALUATE TN NGPAL POSE OISVPSION FUNCTION. FPP, FO MPOUT 20
C FREflUNCY OHMJ AND PHASE VELOCITY V TI)* IF FPP DOES NO IPOUT 21
C EXIST# THE ELEMENT IS SET EQUAL TO 5. OTHERWISE THE ELE MOUT 22
C HENT WILL 0E I TIMES THE SISN OF FFPo *NPOUT 23
C HPOUT 2.
C LANGUAGE FOTPTRAN IV (3E4 REFEPENCE MNUAL 23-65t15-4) POUT 25
C AUTHORS A.O.PIERCE ANC J.POSEY. ".I.V.. JUNE91968 MPOUT 26
C "POUT 2?
C . MPOUT 28
C ---- USAE-- HPOUT 29
C VARIABLES OMVvl OE PST SESC IPENSIONED IN CALLING PROGRAM MPOUT 30
C' FRTA SUBROUTINE NhOFN (CEscRzeEO ELSEWHERE IN THIS SERIES) IS MPCUT 31
C CALLED MPOUT 32
C "POUT 33
C FORTRAN USAGE HPOUT 3.
C CALL NPOUT(OMI,02.VIVZNCPtNVP#INMOOE.OHVTHETK) "POUT 35
C HPOUT 36
C INFUTS P HoOUT 37
CPOUT 38
C Ohl HINZHL H ANGULAR FREQUENCY TO BE CONSIDEREO (RACIA4S / SE MPOUT 39
C R4 4 MPOUT 40
C . POUT 41
C OHZ MAXIMUM ANGULAR FREQUENCY TO SE CONSIDEREO (RADIANS I SE MPOUT 4?
C R'i. "POUT 43
C HPOUT 44
C vi .hINI"UM PHASE VELCCITY TO 0E CONSIOERO (Kh / SEC) MPOUT 45
C R"4 MPOUT '66
C HPOUt 47
C Vt MAXIMUM PHASE VELCCITY TO 9E CONSIORED (KM / SEC) MPOUT $is
C ., ,RO4 MPOUT 869
C NOM NUMBER OF FPECLICIES TO 9E CONSIDERED (NO. OF ELEMENTS MPCUT 50
C .. 4 IN OH AKO NO. CF COLUMNS IN 14MOOE) "POUT 51
C "POUT 52
C .NVP NUMBER OF PHASE VELOCITIES TO SE CONSIDERED (NO. OF ELE- "POUT 53
C 144 MENTS 1N V ANG NO. CF ROWS IN INMOGE) MPOUT 54

. MPOUT ss
C THETK DIRECTION OF PKASE VELOCITY MEASURED COUNTER CLOCKWISE MPOUT 56
C R4 FROM X-AXIS (RAOIANS) . . HPOUT ST
C NPOUT 58
"C OUTPUTS MPOUT 59
C MPOUT 60
C. INMOOE MATRIX OF NORPAL MODE OISPEqSION FUNCTION SIGNS (SEE "POUT 61
C I*'(D) ABSTRACT ABOVE FOR EXFLANATION1 OF ELEMENT VALUES) "POUT 62
C,. MPOUT 63
C ON VECTOR OF NON VALUES OF ANGULAR FREQUENCY AT EQUAL INTER MPOUT 64
C R*4(O) VALS FROM OMi TO OMZ INCLUSIVE (RADIANS / SEC). MPOUT 65
C "POUT 66
C V VECTOR OF NVF VALUES OF PHASE VELCCITY AT EQUAL INTERVAL MPCUT 67
C R*4(O) FROM VZ TO Vl INCLUSIVE (KM / SEC) MPOUT 68
C NPOUT 69
C MPOUT 70
C --- EXAMPLE---- HPOUT 71
C HPOUT 72
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C CALLING PROGRA "pOUr 73
C DIMENSION OM(3),Vf3),INMOO(q) "POUT 74
C 0"1 a 1.0 "POUT 75
S OM2 3.0 "POUT 76
C V1: 1.0 MPOUT 77
C V2 3*0 "POUT 78
C NO" 2 3 "POUT 79
C NVP a 3 "POUT 80
C THETK a 0.0 NPOUT 81
C CALL "POUT (OMI,Om2,V1,V2,NCHNVPINEOOC*OMVtlHETK) "POUT 82
C ENO mPOUT 8
C "POUT 84
C UPON RETUQN FROM MPOUT, OM AND V WILL HAVE THE FOLLOWING VALUES "POUT as
C ON too , 20 9 3.0 "POUT 06
C V 3.0 , 2.0 9 1.0 "DOUT 87
C EACH OF THE KINE ELEPENTS CF INMCOE WILL BE -1. 1 OR 5 AS OETER41NEO MOOUT 8
C OY THE NIRPAL MODE DISPEPSICN FUNCTICN (SEE ABSTRACT ABOVE) "POUT 89
C "POUT qo
C "POUT 91
C ---- PROGRAM FOLLOWS BELOW- .. "POUT 92
C "POUT 93
C ."POUT 94
C NPOUT 95
C VARIABLE OIMENSIONING "DoUT q6

CIMENSIOK OM(1)9V(I),IhMC0E(I) NPOUT q?
COMnON IIAXCI(tOO0vVXICIOC)VYI(IOQ)hHI(1009 N'OUT 98

C NpOUr 99
C IPtTERVAL BETWEEN SUCCESSIVE ELEMENTS OF ON IS DETERMINED HPOUT 100.

DELCN:Ot42-OMI) /(tOh-1) NPOUT ICt
C "POUT 102
C INTERVAL BETWEEN SUCCESSIVE ELEMENTS OF V IS OETqMIN!O HOUT IC3

DELV zfV2 - V1)/(NVa-) "POUT 104
c "POUT 1O5
C VECTOR V IS CONSTRUCTED WITH V(1) DROPPING FROM V?TO VI AS I GOES FRO MPOUT 106
I TO NVP . PUUT lO

V(1)=V2 "POUT 108
O 10 r:ZfV. NPOUT 109

10 V(I)vV(I-1)-0ELV "POUT 110
C "POUT I1I
C OMJ) GOES FRO4 OMI TO OM2 AS J GOES VROM I to Now HOUT 112

0D 90 J319"O "*OUT t13
ODMJ) a CHI *(J-1) 4OELGM "DOUT 114

C MOUT 115
C FOR A PIKEf VALUE OF J, ALL VALUES OF I FROM I THROUGH NVO AFE CONSIO MPOUT t16
C EREO THUS EVALUTING COLUPK J OF INMOOE MPOUT I17

O 90 Ix±.NVP MPOUT 118
C "POUT 119
C TJ IS NO. OF ELEIENT IN VECTOR REPRESENTATION OF INMOOE WHICH CORRES- POUT 120
C PONDS TO ELEPENT J CF ROW I IN MATRIX FORM CF INMODE MPOUT 121

IJ3(J-1)PNVP + I NPOUT 122
VPHSESVII) HPOUT 123

c N'OUT 121
C NNOFh IS CALLED TO EVAUATE THE NORPAL MOOE DISPERSION FUnCTiON FOR MPOUT 125
C FREgUENCY O(J) ANC PHASE VELOCITY VtI) MPOUT 126

CALL NHOFN(OMIJ),VPHSZETHETKLFFPK). NPOUT 127
C MDOUT 128
C WH!:N NORMAL MODE OISPERSICN FUNCTICN O0S NOT EXIST (LEZO-1), INMODE MPOUT 129
C (4J) a 5 mpOUt 130

IFtL ,EC. -1) GO TO 50 NPOUT £31
C "POUT 132

.C WHEN THE FUNCTION DOES EXIST AND IS FPP, INMOOE(IJ) v I*FPP/ASS(FPD) MPOUT 133
I NmOOr(IJ1 z I MPOUT 134

S.. If (FPF.LE,0.31 INMOOE(IJ) -1 "POUT 135
- GO TO 80 "POUT 136

50 INMOO crJ)=s NPOUr 13?
40G CONTINUE "POUT 138

90 CONTINUE "POUT 139
RETURN "POUT 140
END MPOUT 141

!-



SUBROUTINE NAMPOE(ZSCRCEZOPSOMEGAVPHSEAKITHETKAPPLTONRNT ND4iiPOE
C NAMPOE (SUSROU1 IKEI 6/27/66 LAST CARD IN DECK IS NA"POE 2
C. HAPPOE 3

C ~--ABSTRACT---- NAIIPDE 5
C KAHPOE 6
C TITLE -'NAMPOE P4A"ODE 7
C PROGRAM TO DETERMINE AN AP.OLITUOE FACTOR AMPLTO OF A GUIDED NAMPOE a
C MOOE EXCITED 8Y A P;IKT FNSRGY SOUPCE IN VTE ATPOSPHERE. THE NAMPDE 9
C SOURCE IS AT ALTITUOZ ZSCqCE KH AND THE COSERVER IS AT ALTITUO NA?.POE 10i C OGS IN KM. THE FAqTICULAR APPLYD COMPUTED CORRESPONGS TO AN NAMPOE 11.
C ANGULAR FREQUENCY OMEGA (RAfl/SE09 A CHASE VELOCITY VCHSE OIAMPCE 12
C 4KNISEC)q AND A PHASE VELOCITY DIRECTION THETK (RAOIAK.S) REC- tiAMPOE 13
C KONEO COUNTEP-CLCCX.iISS FRO" THS X AXIS. PARAMETERS CEFINING NAPPOE 14
C THE AMBIENT ATMOSrHERE ACE PR~ESUMED TO BE STORED IN COMMON. NAMPOE i5
C THE NORMAL MnflE OIS~vRSION FUNCTION NMOF IS PRESUNZO TO VANISH.NAMPOE 16
C .FOR.APGU,4ENTS O"EGAVrHSETHETK, NAMPOC I?

TH NAPOE is
CTH ACTUAL CSFIHITION OF AMLTn IS AS FOLLCWS. LET SIftU AND NAMPOE 19
c SMIZ OS THE SOLUTICNS OF THE RESIDUAL EQUATIONS NAMPOE 20
C NAMPOE 21
C O(S11/OZ a (AII)IS1 4 (&121*52 (I-A) NAHODE 22.
C 0(521/0! a (A211'SI + (A221#S2 (1-U) NAMPOE 23

C. WHERE T4E ATRIX A IS AS COMPUTED BY AAAA AND AS OEFIKEO BY NAMPOE 2'.

C A.O.0IERCE9 .J. COmP. P4YS*, VOL. I* No* 39 FEO..1967* PC* 343- NAMPOE 26
C 366. EOS. Ile THE ELEMENTS OF A SHOULD nE CONSIDERED AS FUNC- tIAMODE 27
C TIONS OF ALTITUOE, WE DEFINE THE REOUCEO PRESSURE ZFN(Z) AS NA"POE 26

CNAMPOS 29
CZFN(Z)' (G/C)*Si - Cost (2) NAHPOE 30

S-NAMOD 31
C %HR6 IS ACCELERATIGN OF GRAVITY AND C IS SOUND SPEED. THEN NAlIPOE 32
C NAMPOE 33
40. NAMPOE 34.

S2(ZSCRCE)*ZFN(ZO9S) . NAMPOE w5
C AMPLTO a 11/21-------------------------------------------(1 NAMPOE 36
*C... 9ON9ZSCRCE)4INTE5RAL -. NAMPOC E

cNANPOE 36
C.. WHERE M AMPOE 39
C NAMPOL 40
C-:. . S0MtZ)8OMEGA -KX*VX(Z) -KY*VY(Z)............(41 NANPOE 4.1
c NA"POE 42
P ;_ ISTHE DOPPLE9 SHIFTED ANGULAR F4SOUENCY. THE INTEGRAL IS 112 NAMPOE 43
C OF THE I-SURl DEFINEC BY A9..IERCE9 Jo. ACOUST. SOC. AMER..~ NA40DE 44
C VOL* 37, NO* 2, FEe*,19659 PP. 214-227i ED. (511i SFECIFICALL NA'IPOE 45
C NAMPOE 46
C INTEGRAL x (INTEGRAL 'OVER Z FROM 0 To INFINITY) OF NAMPOE 47
C NAMPOE 44

-C.._ _.. - (90M*((KAVXKYVY)/K)*YFN(Z)4*2..........NAMPOE 49
C f1K*OMEGA/8on31ZFN(Z1**2 ;(5) NAMOOE 5o
C NAMPOR 51
40 WHERE K IS THE MAGNITUDE OF THE WAVZ-NUMBER VECTOR (KXqKY1 AND NAPPOE 52

C YFN(Zl a (1/C)4S1z1 (61 NAMPOC %4
*C~. --. ~.*-. .. NAMPOE 5

C PROGRAM NOTES NAMODE 56
C - NAMPOE 57
C THE INTEGRAL IS COMFUTEC eY SUBROUTINE TOTINT IN TWO PAR NAMOOE 5
c AS X3+X?o THE FIRST IS CqTAINEO BY CALLING TOTINT WITH t4AHPflE

I.C ITS39 W4ILE THE SECONC IS DeTAINED S3Y CALLING TCTINT WIT NA1r9OE b0



C ITS?. THE IT PAOAMETER GOVERNS THE CHOICE OF COEFFICIEN NAMODE 6
C Ale £2. A3 RETURNED T0 TOTINT BY SUR.OUTINE USEAS,. FOR NAMPOE 62
C FURTHER INFORPATION, SEE THE DOCUMENTATION ON TCTINT AND NARPCE 63
C USEAS. NAPPOE 64

*C . NAtPOF 65
*C THE NORKALIZATIO1N OF St ANO S2 CANNOT AFFECT AMPLYD. NAM0OE 66

C H OWEVER$ TOTII.T ACOOPTS NORMALIZATI'4 WHERE NAPOE 67
C SI '-SORT (GG)4AI2 NtODE 68
C S2 ZSCRT(GG)*(GG+A1l 'f£PODE 69
C AT THE !OTTCR CF THE UPPER HALF 3PACS, THE NUMERATOR OF NAMPOE 70
C EQ.31 IS ACCCiGINGLY CCMOUTED WITH SAME NORPALIZATION, PIANODE 71
C HERE GGmSQRT(A142+A12*AZI), NAMPOE 72
C. NAP:JE 73
C THE ONLY 8OUNCARY CONCITION EXPLICITLY USED IS THE UOPER NAM*DE 74
C. B OUNDARY CONDOITION WHERE8Y I0TH S51 AND S2(Z) PECREASE NAMPOE i5
C EXPONENTIALLY WITY INCRSASING HEIGHT IN THE UPPER NAMODE 76
C . HALFSOACEo IF THIS CAN~NOT E.SATISFIEO9 THE OROGRAP NAMAPOE 77
C RETUR1,S AI'FLTOZ0. THI:S WOULD IMPLY THAT THE 'dM1r NAMOOE 78
o CONSIO:FEO IS PRACTICALLY IDE14TICAL TO ONE WHERE OMEGA *NAMODE 79
C IS THE CUTOFF FREflUENCY FOR THE GUICEO tPOOE UNDER NAMOOF so
C CONSIDERATION* NANOOE all
C NAMPOE 82
C LANGUAGE -FORTRAN IV (360, REFERENCE MANUAL C29-6515-4) NAMPOE 83
C NAMPOE 84
C AUTHOR -A*O*PIERCE9 P.1.1., .JINE91968 . 4AMPOE as.
C NAMPOE 86
C ~ -- CALLING SEOUENCE---- NA1400C 87

C NAMOCE as
C SEE SUBROUTINE P*HPflE -. NAMPOE 89
C DIMENSION ci(icc),vXy(1OC).vyi(100).HI(Iooi HAMOE 90
o COMMON IMAXCIVXIVYIHI (THESE MUST BE IN COMMON) NAMPOE 91
C CALL NAMFOE(ZSCPCEZOSOMEGAVPHSE.THE-TK.AMPLTONPRNT) NAMPOE 92

C **..NAhFOE 93
~ -- EXTERNAL SUBROUTINES REWIZRED---- NANOE 94

C NA4PnE 95
A'C TOTINTMHM,~oAAAUEASUINTLIT,!98SaCA1,SAI NAHPOE 96

C N*MrC1E 97
C tT'ME FIRST THIREE ARE EXPLICITLY CALLED. THE REMAINING SUBROUTINE NAMPCE 98
C ... ARE IMPICITLY CALLED NNEN TCTINT IS CALLED*) NAMFOE 99
C NAMPOE 100
C ~-AGUMENT LIST---- NAMPOS 10t
C NAMPDE, 102
C ZSCRCE~ R-4 NO Ilip NAM'OR 103

c ZORS R44. NO INO NANPOC 104
C OMEGA R44 NO INP HANPOE 105

C VPHSE Rele NO INP NAMPOE 106
C _THEYK R44 NO INP "A*NAMODE 107
C AMPLTO R*4 NO OUT NAHPOE L08
C NPRNT 144 NO INP . NANADE 109
C NAHSOE 110
C COMMCN STOqAGE USED -*..NAMPOE lit
C COMMON IMAX*CI.VXI*VYI.HI NANPOE 112
c * AMPOE 113
C IHAX I"4 NO ING NAMPOE 114
C CI R94 100 iN'a NANPOE 115

C vXI R'4 100 INP NA14POE 116
'C Wy? R*4 100 INP . .NAMPOE 117

-C "I R*4 £00 INP NAMPOE 118
4 -C .-. _--.- - . *NAM'nE 119
C ---- INPUTS---- NAH'OE 120

,CNAMPOE 121
C ZSCRCE =HEIGHT CF soupcr IN KM NAMPOE 122

C osm~crOF COSEPVER -. NAMPOE 123
C OMEGA zANGULAR FRECUENCY IN RAOIANS/SEC NAMPOE 124



C VPI4SE UPNASE VELCCITY IN XP/SEC 1#ANPfYE 125
C THIrTI :TJ4ASE VELCCITY DIREerTION (RADIANS) RECKONED NHODE 126
C NPRtT xPRINT OPTICN INOICAlDq (SEE NA"I IN "AIN PROGRANS.a NAMPOE 127
C COUNTEiR-CLOCKWISE FROM X AXIS* NARDOE 128
C IIIAX UNU"!ER OF ATMCSPHERIC LAYERS WITH FINITE THICKN4ESS NAHBDE 119
C Cl(I) 2SOUNO SPEEC (Kt.#SrC) IN I-TN LAYSR NAMP3S 130

C VxI(Il XX COMPONEKT OFWNO VELOCITY (ISC) NI- LYRNtOE 131
C VYII) I COMPNENTOF 41N VEOCTY(K/SEC) IN I-TN LAYER NAPOE 13

C 01I(l) xTMICKNESS IK K" OF I-TH LAYER NA"FOE 133
*C N4A"gOE 134

C NAMPOE 136
C A"PLTO =APPLITUCE FACTOR FOR GUIDED WAVE EXCITED BY POIhT NA"COE 137
c ENERGY SOURCE. UNITS ARE KM*(1)o WAMPoE 138
C NAMPOE 139
C 0 --- EXAMPLE---- NAIPPOE 140
C NAMPOE 141
C SUPPO2;E THE ATMOSPHERE IS ISOTMEED1AL AND THERE ARE NO WINDS. THE ?IAMOOE 142
C TMF~i IS ONLY CHE M1COEs FOR WHICH VPS4Sr=C. FURTHE5NOqEv YFN(Zl .NAMPOE 143
C ANO SIMZ ARE U0TH ZERO. THE ZFK(Zt DECOREASES EXPONENTIALLY NAMPOE 144
C WITH HEIGHT AS EXP(-(O*3#G/C*211# THE RESULTING AMPLTO N4AMPOE 145
C SHOULD~eS NAMPOE 146
C AMPLT=-C3.OCG22.EX(..3.(G/C#E)(ZOSSZSCRCE)I NAMPOE 14
C PEGARDLESS OF VALUES OF CMIEGA ANC THrEIK. IF 0=113 KM/*SEC. NAMPOE 148
o G%*01 Kth/SZC*Z, ZO9SxO. ZSCRCE2Gv THEN AMPLTOX .027 KM41-1)o HAMPOC 11.9.
C NAMOOE 150
C NANDOE 151
C ---- PROGRAM FOLLOWS BELOW---- NAMPOE IS2
C NAMPOE 153
C NAMPOE 154
c NAMPOC 155

DIMENSION CI(10C),VXI(109)VYI(100),HI(10O) NANPOE 156
OIMENSION AC?.?) .EM(292) NAhPOE 157
DIMENSION ZIJZ(2),SI(2),S2(2).VXIJZ(2h*VYIJZt2),CIJZ(2) 14AMPOE 156

C DIPENSICN STATEMENTS AOCEO IN THE OE!UG cROCESS NAMPOC 159
OI'.V4SION LAYJZ(21,aFLf(2),R@P(2.2,EMO(10,2)OUMMY(2,?) NAMPOE 160

DMNINPHII(iIN)tFH12(100) NAMPOE 161
COMMON II'AXcI.VXIvyitHI NAMPOE 162
SAVE aCICIMAXI NA"POE 1463
If(AKI *GE* 1.E-10) RETURN NAMPOE 164

c NAMPOE 165
C COMPUTE WAVE NUMGER VECTOR CCHCONESTS NA'ODE 166

1 CONTINUE . .. NMO 6
AKXx(OVEGA/VPHSEl4COS (tH!TTX) NAMPOE 168

o NA"POE 170
C THE SOURCE AND OSERVER LCCATICNS ARE NUMSERE6 ACCORCING TO HEIGHT NAKPOE 171

IF(ZSCQCE .GT. ZOOS) GO TO 10 NAMPOE 172
ZIJZ(L)ZSCRCE . . . .NAP.POE 1113

* *ZIJZ(23xZOBs NAMPOE 174
NSCRCEXI ...* ** NAMPOE 175
ldOIS=2 NAMPOE 176
Go TO 20.........-~* NAMPOE 177

10 ZIJZ(1)2709S NAMPOE 178
* ZIJZ(2)ZSCRCE -. . ~ -..- NAMOOE 179

NOBss1 . NANPOE 180
NSCACES2 . - .....- NAMPOE L81

A NAPPOr- 182
C WE DENOTE SI AND S2 AT 8OTTOM or UPPER HALFSPACE SY Fi AND F2. THEIR NAMPOE 183
C COMPUT4TION IS AS FOLLOWS. NAtIP0E 18'4

-20 IZ"AX=2 NAMPOE 185
JisMAX.1 NAMPOE 186
CZCI(J) NAMPOE 187
VX:VXI(J) NAMPOE L88



VY:VYI(J) NAMPOE 189
CALL A4AA(OMFGA,AKIC.AKYC*VXVY#A) NAMODE 190

Xs4lql*42A~o2)A(21)NAPPOE 191
IFIX oLE* GoCl 60o TO 200 INAOE 192
G'SORT(X) uAmPnE 103
GRtTS!T (G) NAMAOF 1JI.
FIW.GRT*A(t92) NAMPOE 195
FvuGRT*(A(1,1)4G-) NAHPOE 196

c NAMODE 19?
C WE COMPUTE ZP REPRESENTIN~G THE flOTTO' OF THE UPPER HALFSPACE NAII0OE 198

ZM2.0NAMPOE 199
IF(IAX *Ego. 01 GO TO 31 NAMPOE 200
00 30 ICzlvIMAX NAPPOE 201

30 ZN'ZM*H1(IC) NAMP')E 202
c NAIIPOE M0
C WE STORE FlPV2P9ZMP IAM4OE 204

31 F1~sF1 NAMOE 2G5
F2PzF2 NAMPOE 206

c ~ sZ NAMPOE 208
C C 104ATO CF LAYJZCJZ) A'kC DELTfJZ) NAMPOE 204

C LAYJZ(JZ) IS TH4E INOSX OF THE LAYER TN w'IIc' zXjz(JZi LIES, NAMPOE 210
C WHILE OE-LT(JZ) IS THE DISTANCE OF ZIJZ(JZI ABOVE THE BOTTOM LOGE OF NAMPOE 211
C THE LAYER NAMODE 212.

00 35 JZZ1,2 NAMPOL 213
LAYJZtjzsiHarix,1 "AIPOE 214

32 CELTCJZIxZIJZ(JZ)-ZiM NAMPOE 215
IF(OELT(JZl GT?. 0.0) GO TO 35 NAMPOE 216
IFILAYJZCJZ) Ego2 11 GO TO 35 NAMPOE 21?
LAYJZ(JZ)=LAYJZCJz -i t4AMPOE 218
J~sLAYJZCJZ) NAMPOE 219
ZNUZ"-41 US) NAMPOE 220

C AT THIS POINT ZM DENCTES THE BOTTOMI OF THE LAYJZCJZ) LAYER NAMPOS 221
GO TO 12 NAiiPOE 222

35. Z~xZMP NAMPOr 223
C NAMPOE 224
C CO04SUTATION OF E4t MATRICES FOR ALL IIPAX LAYERS OF FINITE THICKNESS NA"O 225
C L£M(IP*JP) FOF I-TH LAYER IS STORED AS EMP(IIPoJPI NAMPOE 226

* 00 36 Ia1,IMAX .**NANPOE 22?
* CSCI(Xh NAMODE 228
VEIVEIf I) .*~-NA'IPOE 229
VYUVYI (I) NAMPOE 230
NOHICI) NAM 0 C 231
CALL HMM(ONEGA.AKXAKYCVXVVN.EMI NAMPOE 232

S00 36 1021,2 .NANMOE 233
00 36 J02192 NAMADE 234

36 EMP(IIPsJ0)2Ehl(IPJPl NAME 235
C NAMPOE 236
C CO'I'UTATION CF ROP MATRIX* THIS ACCOMPLISHES THE SAPE AS. CALLING NA'100E 23?
C SUBROUTINE RRRR NAMPOS 238

RP3(191)21.0............--.. NAkPOE 239
*RPO(192)1=0,0 NAMPOE 240

R0W62#l)Zc.0........... NAHGOE 241
RP0t2q2)2L.c NAMOOE 24?,
c0 38 xioMAX . --- .-- *NAMPOE 21.3
JASA2IMAX+1-I NAMPOE 244
-00 3? I12... .2~. NAHPOE 245

-00 37 J02L92 NHMOE 24.6
3? UNNY(10,Jo)zEa(JASAIP1)VRPO(1.Ja)*EHO(JASA,IP,213RPP(2,JPI NAt1PQE 24?
00 34 lP1.o2 NAMPOE 248
dQ 38 Sph1.2 .. . . . . . . NAMOOC 249

38 fkP0(IPvJP)=OU1MYtI09JPl NAMPOE 250
e NAtIPOE 251

QUOr x £ASR~PP1,1l/(aSSRP1,1h.l)ASS(PPC1,2.)AS(RP2.1h NAMPOE 252
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I*ABS(P@P(2,2))) IM.POE, 253

IT ( OQ 9LT* 0.1 GO TO 120 MAMPOE 25'.

F2OTr:F2P/8OT~ NAHlPOE 263
Go TO LSDO NAt9~OE 26

L2 UT t2 AsRPI):)tB(ROi~l+B2RP18oTASRP(#1 NAMPOE 265
I TOSIRP22) NAMIOE 266

KaINAX-l/PUZ NAtIPOE 260
GO TOK2150 NAtIPOE 266

130 2(C) :F 9)*IORF(92*FP NANPOC 262

31TPHIM(K) NAMEO 270
1PH12()2T NANPOE 275

KxtAXi ANPOE 27
ITIK tI2.13 OT00 NAMOOE 273

VKPVE(K)o NAHPOE 275
331 VY (K)HU NAIIPDE 276
CALL414X AAAOHAAX~yCVYA AMPOE 271
XUA- (11R*(.)A21 AMPOE 272
IM(Ed G. .0 GO TO 3460 NAME0 273

333PI(K):EOK1 13T+P(..)T ANPOE 274
VX*V2(K)L 3 K21TH(.,)T NAMODE 261
V0010331 NAPOE 26
CAL0 01A1A(O)T1+A,AXYC,'T2* NAMEO 277
02NA(l9.1)4*2.AC2.2)*A(2j NAMPOE 27'.
IF( v-0GT 0.0) G3 C I... .)G TO 341 NANPOE 289

33P £ 01 .67. 0.0 .ANOTI P(.1'.0. 360FO34 NANPOE 266
PIt2(K2EM.6K. 0.C*NO. 1(2 T.0. 3 O O 4 NAMOOE 285
GO TO 331 NAonPO 269

341 CONTINUE lA(*2*T NAMPOE 29

OUP:K1#+A22)T NANPOC 2P12
IF 3601 L2TO.UAP *T L~ *)GOT 4 NANPOE 2a3

JtF f-12Go0CoNoT Go00. OT 4 NAlM*0E 294
GTO 3I13 NAMP0E 29

341 CONTNJE .. NAMPOD 290
C P HIS(KPOIN THET,2,2).T VALUOFK.IS2NT ZR O N N4IPOE 297
36 N!T (3.OP(E,21#TN(JT1.)T NAMPE 298
00 36C0 0avTU NAMPOE 299

1*91)1K ' S. NAIDEO 391
Txt2 JET NAMPOE 32

APtX a ASSPJiII (1)T-M(E9* NAMPOE 303
360PH2X a ABS(Ju11213) *MPJ Tll) NANPOC 30'.
00 4lz0? II11IA NAODE 305

NULNIa40 NAMPOE 306
tAPIMX a eSPiIN? NAMPOC 307
TA02M~X x MA1IPCE 309
API'IX a A8SPIP ll NAMPO 3103

40AP2MX 2 ASS(PI3(LN)) NAMPOC 31

L"(a02LE.A2M +O I0'0 NAP'POE 312
apip2 a AesPP NI NAMPOE 313

1*921K LN .NAIIPOC 31'9
'.05 P2 xF AesP4I1 ( )H1lN).TG0 ZI NC NAMPOE 315

If l(PH12(1N11)*PH12(Lh)).LT.0.3) NZC2 =NZC2 + i NAMPOE 316
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40? CONTINUE NRI! 317
RI a 0411(IAPitPX)/AP2IX NAPPOE 318
R2 S PHI2(IAP2PY)lAP2MX NAPOE 319
R3 v PHI2(1)lAP2PX NAIIPOE 320
WRITE (6*409) 0MGAVPSEI91PIX 0.1NZC1IAP2MXtR2,NZC2.R3 4AMP0E 321

409 FORMAT ('14 ,2F!2.S,9X,13,F12.5,9X,13,9X,13,F12.5,9XI3,F12.5 MAMPOE 322
415 00 450 JZ1,2 14AMPOE %23

IOAzL4YJZ (.12 PfAN0OE 324
CsCI(IOA) .. NAMPOE 32S
VXxVXI(IOA) NAIIPOE 326
VYXVYI(?OA) NAMPOE 327
CZJZ(SZ)=CI(IOA) NA14PnE 328
VXIJZ(JZ2=VXICXOA) NAIIPOE 329
VYZJZ(JZ)ZVYI(Iak) .NA#4POE 330
IF(IOA *EQ. IMAX411 GO TO 420 .NAMIODE 331
ZF(IOA *LE* KTOUO) GO TO 43C NAMPOE 332
JETS 10A41 . NAIIPOE 333
WUNHI(IOA)-0E.TtJZ) NMO 3
CALL MMPd(OMCrAAKXAKY.C.VYVT.HEM) .NA"POE 375

S1(Z~u~.1PHI.(Jr)4M(12)9I2(ET)NAMPOE 336
S2(JZIZE.?*2.1 *P41I±ET).E'(22)*PHZ2LJET) **.NAMPOE 337?
GO TO 450 NAMPOZ 338

420 EONzExPt-GOD-LT (JZII NAPPIIE 339
SIIJZIXFIP*EON NANPOE 340
S2(JZ)zF2P*EON NAMPOE 31

Go TO 450 MN)IOE 342
430 NUOELT(JZI N*,:POE 343
* CALL MPP(OM1EGA.AKXAKYCV~,VYHEMI NAMPOf 344

S2(JZIz-Et(242) PH11(IOA)E(1,211P1412(DAI NAIIPOE 346
$2(Z~zEII291*FHI(OA) -MItl#PH2(1A)NAMPOE 347

456 CONrI'lUE -... E 34
C .. NAMPOS 348
C AT. TMIS POINT SL(JZh9S2(JZ)vCIjzrJz), ETC. ARE STORED FOR JZZ1 AtO 2. NAMPOE 349
C WE COMPUTE THE DOPPLER SHIFTED ANJGULAR FREQ~UENCY AT SOURCE ALTITLnE. NAMPOS 350

100 UON:OMEGA-AKX~vxrjz(Nsc4cE)-AKYVYIJZ(NSCRCE) -NAPPOE .351

C NAMPOE 352
C WE COMFUTE ZFN AT Oi'SER.VER ALTITUDOE NAMPOE 353

ZFN2(.0098/CIJZ(N~9S1[*S1(NOOS)-CIJZ(NO8S)*S2(NOSI NAMPOE 35(#
C NAMPOC 355
C HERE WE TAKE THE ACCELERATICN CF GRAVITY TO BE .0098 K4/SErC**2* IAMPOE 356
C NANOE 357
C CONFUTATION CF INTEGRALS NAmpOE 358

*ITw3 NAPPOE 359
CALL TOTINT(OMtEGAAKX,4K.Y.ITL.X3,PHI1.,PH12) NAHPOF 360
XF(L .Eq. -1) GO TO 203 *.-NAHPOE 361
ITS? NAMOOE 362

CALL TOTrNT(OMZ.AAKXAKY,1TLX7,PHiPHI2) ___ AHNOE 363
IP(L *EQ. -1) GO TO 200 NANPOE 364

C H AMMO 365
C FINAL ANSWER HAMPOE 366

..AMPLTO: a.5sS2(NSCRCE)@ZFN/((X3,X7)
4 qO"I NANPOE 367

CI(IMAX) SAVE NAMPOE 368
RET~N .~ ____-_____NAMPIE* 369

C NAMPOE 370
C IF YOU ARRIVE HrE9 THE UPOER eOU)NOARY CONDITION-COULO NOT BE SATrSFI NAMDOE 371

200 £NPLTO=0.0 NAHOOE 372
CI(IMAX) 19E5 NAHPOE 373
G0 TO I NAMPOE 374

o NAIIPOS 375
ENO NAMPOC 376
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SUBROUTINE NMDFNtOMEGAVPH4SETHE,~.LFPPK) NHOFNA
C NNOFN (SUBROUTINE) 7/25168 LAST CARD IN DECK IS NIIOFH 2
C NMOF4
C ----AOSTRACi---- N40FN 4
C NMOFN s

-~---C TITLE N MOFN NMOFN 6
*C SUBROUTINE TO COMPUTE THE NOqPAL MODE DISPrRSION FUNCTION FPP NMOFN 7

C FOR GIVEN ANG.ULAR FREQUENCY OPEGA, PHASE VFLOCITY MAGNITUCE NMOFN 8
C VPHS= AND PHASE VELCCITY nIPECTION T'4ETK. FPP SHOULD VANISH N'1OFN 9

O IF90THUPPC.,AND IhEP POUNDARY CONDITIONS ARE SATISFIE0~ FOR NflOFN
c THE S9L'JTroHs OF THE RESIDUAL ElUATIONS NMDFN It
C NMOFN 12
C O(pt411)/oZ 2 A(lx)-PHimgZ + A(192)*PHI2(Z) NMOFN 13
C NMOF11 1
C 0(PHI211nZ a A(2,1)*FHIl(Z) + A(292)*PHrZ(z) NMOFN I5
c NNDFN 16
C WHEOE THE ELEPENTS CF THE MATRIX A VARY WITH HEIGHT Zo S'JT ARE NMOFN 1?
C CONSTANT IN EACH LAYER OF A MULTILAYE! ATMOSPHERE. THE ELEHEN NMCFN 18
C OF A AR.E FUNCTIONS CF OMEGA, AKX AND AKY. AS DESCRI9CD IN NMOFN 19
C SUSROUTINE AAAA WHERE N"DFN 20
o NMOFN 21
C iAKXZOMEGA*COS (THLETK)IVPHSE NMOFN 22
C NIIDFN 23
C . AKYXOt1!GA*SIN(THcETK)/VPHSE NtIOFN 24
C NMDFN 25
C THE FUNCTION FPP IS CEFIHEO AS THE VALUE OF PHII AT THE GROUND NHOFN 26
C tZ201 WHEN (1) THE UPCER IOUNDAOY CONDITION OF PHIL1 AND PHI2 NMOFN 27
C DECPEASING rEX0 ONFNTIALLY WITHi 4EIGHT IN ThE UPPER HALFSP/ACE NMOFN 28
C IS SATISFIEC. AND (2) ONIl 4ND PH12 AT THE 30TTOM OF THE UPPER NHOFN 29

HALFSFACE ARE GIVEN OY A('19Z) AND -(ty4A(loi)) WHERE N40FN 30
C GXSORT(A(l,1I*42.A(L,2)*L(2,1)). THlE ELEMENTS OF A HERE AOE NHOFN 31
C* THOSE APPROORIATE TO THE UPPEO HALFSPACE. CONDITIONS (1) AND NMCFN' 32
C (2) ARE NOT INDEPENCENT, "CO'iIOTIOtH (1) IMPLIES THAT G*42 ,GT. NMOFN 33
C AND CON3ITICutl 2) WIT4 6442 POSITIVE IMPLIES uI). IF G4*2 IS 14MCFN 34
C NEGATIVE, FPP DOES NOT EXIST AND Is-l IS PETUPNED.O OTHERWISE NMOFN 35
C . -. 13 IS RFETURNEO. .. - NMOFN :

C NMOFN 37
C PROGRAM NOTES........... NMOFN 38

C- NMCFN 39
C THE PARAMETERS CEFINING THE MULTILAYER MODEL ATMOSPHERE NMOFN 40
C ARE PRESUMEV 70 BE STORED IN COMMON. NMOFN 41
C %~. NMOFN 42
C THE SUD20UTINE 9RRQ IS USED TO GEtNEArTE THE VATRIX RPP NMOFN 463
C WHICH CONNECTS SOLUTIONS OF THE RESIDUAL ECUATIONS AT NMOFN 44
C THE BOTTOM OF THE UPOPER HALFS-ACE TO SOLUTIONS AT THE NMDFN 45
C GROUND* IN TERMS OF THIS MATRIX, THE NPOF IS GIVEN BY NMDFN 46
c NMOFN 4?
C FPPX PPP(1,)A(1,2)-RFO(12(*G*-A(l,13) NMDFN 48
C NMDCN 49
C LANGUAGE - FORTRAN IV (3E09 REFERENCE MANUAL C2Z-6515-4) -NtNOFN so
C NMOFR 51
IC AUTHOR - A.O.PIERCE, P*I.T.9 AUGIJST,1968 NMDFN 52
C NHOFN 53
C.. ---- CALLING SEQUENCE---- -. NMCFN 54
C NMOFN 55
C SEE SURROUTINES LNGT"NoWIG~hsMPOUT RPMF1 56
C CIMENSION CI(l0V),VXI(lO ),VYI(1GQ),WI(100) #4HOFN 57
C COMMON IPAXcIvVYivVYI9Hi. (THESE MUST BE STOPEO IN COMMON) tIHOPM- 59
C CALL NPOFN(OMEGAVFHSE*rHETKL.l 00,K) NOFM 59
C ""F 60
c ---- EXTERNAL SU9ROUTINES REQUIRED~-- NMOFff' 61
C . MOFNl 62
C RRRR*MHMAAAAeCA19SAI NIIOPH 63
C NN4OFN 6'.
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C ---- ARCUPEt.T LIST---- ""tOF" 6S
C MIIOP 66

C OMEGA R6. NO IND NMOFN 6?
o VA'SE R*a. NO IN* 1010PM 66
C THEIK R*. No IND NMOFN 69
o L Z*4 NO OUT NIIOFN 70
C FPP ft#4 NO OUT -NMOFN ?1.
C K Is'. No OUT (ALUAYS RETURNED AS K20) NMOFN 72
C MHIJFN 73
C COMMON STORAGE USED 94MOFN 74
C COMMON IMAX*ClVXZVYIHI MOFN 75
o . ?IOFN 76
o IMAX 144 NO IND MMOFN ?7
C CI R04 10e IND NMCFM 78
C vXI R414 100 INP NMOFN 79
C VII R44 100 IND NHOFN 0
C HZ . ft4 100 IMP NMDFN at
C .~ .NHOFN

o ----INPUTS---- NMOFN 63
C NMOFN 84
C. OMEGA uANGLLAP FRE'nUECY IN RAOISiC N"OPH as
c 'd'MSC =PIIASE VE'LccITY 9PAGKITU92- IN KM/SSC NMOFN 0
C IMEYK XPi4ASE VELCCITY OTOECT104 RECKONEC COUNTER CLOCKWISE NMOFN 87
C FROMI THE X AXIS IN CAGIANS NMOPN a8
C INAX NNUriFER CF LAYEFS OF FINITE THICKNESS MHOFN 89

C CI(I) 23IOUND SPEEC IN KM/SE-C IN I-TN LAYER NMOFN 90
C VXI(I1 NX CC!IPONSKT OF WINC VrLOCITY IN I-TH LAYrR IKMISEC) 'NHOFN 91
C VYI(I) 2Y CCMPOINENT OF I4INC VEzLOCITY IN I-TH LAY_;I ('(%'SEC) MF 9z
C 41(I1 9THICKNESS IN KM OF I-TH LAYER OF I-T14 THICKNESS NMOFN 93
C . .... NHOFN 94
C f---OUTPUTS---- MMOFN 95
C *.* FN"OF4 96
C L It IF NORPAL HOV CISPERSION FUNCTION EXISTS, -1 IF NHOFN 9?
C it Does Not. NMWOFN 98
.0 xP NCRPAL MCCE OISIERSION FUNCTION N"OFN 99
C K *. OUMNY PARAI'ETEP ALWAYS RETURNED AS KID. . NMOFM 100
C NMOFN 101

C............----PROGRAM FOLLOWS 83ELOW:---- . - NMCFM 102
C NMOFN 103

CNMOPM 1C4
C DIMENSION AND COHMCN STATEPENTS LOCATING PARAMETERS WEINING MODEL NMOFN 105

C MULTILAYER ATMOSFHER-r NHOFN 166
OIPENSION CI(IGC),VXI(100),VYI(100),Hri(00 NHOFN 10?

___COMMON I?AXCIVXIvVVYINX. NMOFN LO8
CNMOFN 109

DIMENSION AC2,2)*RPP(292). MMOFN 110
C 1010PM III
C COMPUTATION CF AKX AND AKY MHOFN 112

AKX2OMEGA*COS(THT() /VCNSE MMOFN 113
C AXYxOMEGA*SINITHE-TK), /VP'4E NMOFN 114

NMOFN L15
C COMPUTATION CF MATRIX A AND C4*2 FOR UPPER HALFSPACE. MOFM £16

JBIMAX*1 AMOFN I17
0301(J) . NMOFN 118
VxvXVI(.1 NMOFN 119
VYWYYI (.) ?PIOFN 120
CALL A8AAIO'4EGA*AKXvAKY9C9VX#VY9A) MFN 121
GUSO:At1,1)f*2#A(I#2) A(,)NMOFN 122

C NtIOFN 123
IF(GUS2 *GT* 0.01 GO TO It 14NCF14 124

C WOFN 125
C GUSO IS LESS THAN ZEFO 1410PM 126

L8.I MiIOFN 127
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c RETURNZR

CWtIOFN 139
C CGUI ATER CF A ZEROA~! NMOFN 134

CALL fT(GUQ)~A*XAy@PK NHOFN 132
C NMOFN 136
C COMPUTATION CF RPP MATRIX)(G4A±.) NHOFN 134

ppp a RPF(L,1)4A(L92) PP(q)(UAII)NIOFN 138
C WMOFN 139

.RETURN N"DOPN 1 40

END HHOPN 11
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SUqPoUTINE NXC r~J~N~k6ZtO~lNvFOK NxMOqE
DIMENSION INMOOE(1) NXMOOE' 2

C NXMOOE (SUBROUTINE) 6/24/68 LAST CARO IN DECK IS NXMODE 3
C kXP"OOE 4

C ---- ABSTRACT---- R xMOor 6
C tXMOOE 7
C TITLE - NXMOOE NMU
C PROGRAM TO FIND A FOIKT WITH COORCINATES I:IFhDvJZJFNO IN AN NXMOO6 9
C ARRAY WITH NOt' COLUt'NS ANO NYP ROWS* FOUND PCINT COFPESPCNOS NXMtOOE 10
C TO' STARTING PCSITION FOR CALCULATION OF CHASE VELOCITY VERSUS wnaMnfE 11
C FREQUENCY OF A PARTICULAP Gur,7Eo MOOE. A TABLE OF VALUES OF NXMOOE 12
C THE SIGN OF TNE NORPAL t'OOE CISFERSION FUNCTION IS PR~ESUMED NXMOOE 13
C TO BE STOREC AS It.CCE((J-1V'NVP+I) FOR EACH ~onNT (IqJ) IN T" NXMODE 14
C ARRAY* OIFFCEZNT CCLUNNS (J) CORRESPOND TO DIFFERENT FRECUEN- NXMCOE t5
C CIES WHILE DIFFERENT POWS rI) CORQESPONO TO nFlI*FEPENT PHASE NX9MQDE 16
C VELOCITIES. THE SEARCH P90CEEDS FROM AN INITIAL POINT CISTJS NXMO'nE 17
C TO SUCCESSIVE ADJACEKT POINTS HAVING THE SAME INMOOE AS THE NXMOOE is
C STARTING POINT* THE OETEPtIINATION OF (IFND.JFNC) IS SUOJECT T NXMODS 19
C THE FOLLOWING RULES. NIXMOOE 20
C .xoo ?IXMOE
C 1. IT MUST LIE OELOW 00 TO THE LEFT OF A POINT WITH NX1IOOE .22
o OPPOSITE INPOCE NXMOOE 23
C NxNOE 24
C .2o IF MUST eE THE HIGHEST POINT (LOWEST I) IN THE REGro NxmooE 25
C SATISFYING CONITICt' I .NXrOOE 26
C NXMOOE 2?
c 3. IF P'ORE THAN I POINT SATISFY I AflO 2, THEN THE POINT NXMOOE 28

C DETERMINED IS THAT FURT4EST TO THE LEFT. NXMOOE 29
C NXHOOE 30
C 4. *ONLY POINTS IN THE RECTANGLE ARE CONSIDERED NXHODE 31
C NXMOnE ?2
C THE COMPUTATION ASSUMES RFGIOP. OF SUCCESSIVeLY ADJACENT aoONTS NXMOOE 33
C HAVING SAME INMOOE IS SIHPLY CONilECTEDO AND THAT PHASE VrLCCITY NXtIOUE 34
c CURVES BENU OCWIJWAPCS9 I.E.. C(VP)/OfOM) .LT. 3e (THIS CA4 DE NXPCOE 35
C THE CASE ooqv3~ot'G VP IS GREATER THAIN THE MAXIMUM WIND NXMOOE 36
o VELOCITY.) IF THE 9CINT IS FOUN0, 'K:I9 IF NOT FOUND, K:..1. NXMOOE 3?
C HXNOtJE 38
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-6515-4) NXMOOE 39
C AUTHOR - AoDoPICRCE, R.I.T., JUNE91968. .NXNOOE 40
C NXMOOE 1
C ----CALLING SMtlENCE----....- NXNOOE 42
C NXHOoE 43
C SEE SUqOUTINE ALLMOC NX"OCE 44
C OI1PENSION INMOnO~tll (VARIABLE OIMEKSIONING) NXHOOE 45
C CALL NXKfODE(ISTJSTo'CtNVP4 ,INMCOE.IFNJFN,.'( NXNODE 46
C NXMOOE 47
C NO EXTERNAL SU94OUTINES ARE RE'nuIRz!o.- NXIIOOE 4.8
C mKhoOE 49
C ----- ARGUMENT LIST---- NXMOOE s
C NXHOOE 51L

C IST 144 NO IND NXHOOE 52
C JST 1*4 NO INP NXNOOE 53
C NON IrI. NO INP .NXHOOE 54
C NYP 144 NO INP wENoDE 55
C INMOODE r*4 VAR INP NXHOOC 56
C IFNO 144 NO ouT NXMOOE 57
C JFNO 1*4 NO OUT mxmOOE 58
C K 1*4 No OUT NXMOCE 59

cNKNOOE Go

C NO CCMMON STCRAGE USED NXMOOE 61
C NXMOOE 62
C ---- INPUTS---- NXNODE 63
C NXMOOS 64
c 1ST =ROW INCEX OF START POINT NXNOOE 65
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Ic 457 xCOLUMNNINCEX OF STI~AT ::POIN FlCTO *l;OOE 66

----N* F OUT US FRRA NX"OOE 67
c~~ ~ ..P =N*O-~S.F RA X S 6

c INKODEL SG : OF NCFPAL ODE DOINTRINFlNTO9I F0S NXHOOOE 78
K -1LA INICAtP.5 IF ITPONT EXNJ)ISLE 1L HOUD I I NXtIOOE 79

C YS Jf-1IF hOP. NMD11)ISGNO HFORNXMOOE 80

c NENODE 82.
C ---- OUTPUTS---- NXMCDE 62

C NXMOOE 83
C SUPPO ARRAY O iNC5O O OU ND ISASON BL NXMOOE 8

c M XMOOE 85
c ** ~._.*-- V'p. NO:1. NKPIOOE 86

* C ****- NXMOOE 8
C SUPPOSE+. THIRA FFNGEVLE IS AST SHOWN BELO 3JNz~ NXMOOE 8

C *+++**+- .. 1 S:,3: HE FCJN9N1~ XMQ0E 8?
C .5..........IF ISTx3,JSrT THEN IVFlC=3,JFIOx29K~- NXMOOE a0
C 55-.---------IF IST=Z*JST=S THEN IFC=-1 Nzt~l NXMOOE 9

C .55-......... IF ISTw28JST2. THEN KZ-1 NXMOOE 92

C 55----- NXUIOOC 93
C.......... ... NXHODS 94

C NXI'OOE 95
C ----PROGRAM FOLLOWS BELOW----. -NXNOOE 96

CNXPOOE 9?

C NXHOOE 99
I IF( IST 9GT* NYP .OR* JST *GT 101SOT 00NlO o

- J92CJST-1)*NVD.IST .G.NN OT .0 _NXMOOE 100
IA zIflMjO (49) .NXHOOE 102

3 IF( 10 *NE. 1 *ANDO. 10 NE -1) GO TO 100 NXHODE 103
CTHE POINT (IST,45?) LIES IN THE ARPAY AND THE NOPPAL NCOE DISPERSION tIXHOfE 105

C FUNCTION EXISTS AT THIS POIN~T WITH A SIGN rO. WE FIRST GO UP UN4TIL NX140OE 106
C A DIFFERENT rNQOE IS ENCCU1%TEQEG OR UNTIL WE REACH la1 NXtIOO! 10?

INIST ... * NXNOOE L08
JvJST NXMOOE 109

.10 IFf I *EQ* 1) GO TO 30 NXHOOE 110
181-2 NXonOE III
J102(J.1)*NVPI-.- NXMOOE 112
ICH4IxrNMCOE (410) NXMOOE 113

1.1.1 NXMOOE 115
C NYMODE 116
C THE CURRENT X IS NOT 2.. IF THE ICHK OF THE POINT ABOVE IS NOT 5. WE NXNOOE 117
C MOVE TO THT LEFT. 5)G O5 -NXMOOE 118

15IF( .EKol*5 O OS NXMOOE 119
l* J7( .EO. 11 GO TOZ 20.~. NXOE 120
JgJ-l NXHOC1E 121
J10s(J.1)*NVO -. .-.. . - NXHOOE 122

C ICHKaINGODE (JIG) NXMOOE 123
cNXMOOE 124

C IF THE IeHK OF THE CONSIDERED NEW POINT IS ig, WE TRY TO GO HIGHER NXMODE 125
C AGAIN* N~ . XMOOE 126

IF(ICHK *EQ, 10) GO TO 10 NXHOOE 127
J3J~l NXNOOE 128

cNXMOOE 129
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C WE HAVE -10 ABOVE THE CURREhT FOrNT AND ARE EITHER OK THE FAQ LEFT OF NXMOOE 130
C THE TAOLE OR ELSF I-AVE A CIFFERENT SIGN AT THE POINT TO THE LEFT. NXMOOE 131
C THIS IS INTERPiETEC AS SUCCESS. NXMOOE 132

20 Kul NXMOnE 133
IFN0:I. NXMOOE 13
JFNO:J NXMOOE 135
RETURN .... NXMOOE 136

C NXMOOE 137
C THE CONSIDERED NECW POINT IS CN THE FIRST ROWe WE GO TO THE RIGHT. NXIOOE 138

30 IF( J .EO. NON) GO TO 60 NXMOIE 139
JUJ*l NXMOOE 140
JIO(J-1)*NVPI NXPODE 141
ICHK*INMOOE(JO1) NXMOOE 142
IF( ICHK .EQ. IM) GO TC 30 NXMOOE 143
JzJ-l NXMOnE 144

c NXHOOE 145
C IF THE POINT AT THE RIGHT OF CURRENT (IJ) IS -109 WE HAVE SUCCESS NXMCOE 146

IF( ICHK *EQ. -r0) GO TO 20 NXMOE 147
C NXMOOE 148
C IF IT IS NOT -I0 HE ALLCh FOR POSSIBILITY OF INHOOES=5 IN UPPER RIGH NIXHOOE 149
C HAND CORNER OF T"E TABLE ANG TRY,TO SKIRT THESE FIVES BY MOVING EITHE tiXHOCE 150
C DOWNWARDS OR TO THE 4IGHT. tJXMOflE 151

40 IF: I EO, NVO) GO TO 70 NXMOOE 152
I I,1 NXHOOE 153
J2:*(J-1)ohVP+I NXI00E 154
ICHKZINMOOE(Jita NXmoE 155

C NXMOOE 156
C IF THIS ICNK IS +10 WE ARE IN *A POSITION TO MAKE A TRY CF "CVING TO NXMOOE 157
C THE RIGHT. NXMOOE 15$

4' IF( IC4K .ME.*10) GO TO 90 NXMOOE 159
C NXMOOE IS0
C.IF WE ARE ON THE RIGHT HANO SIOE OF THE TABLE THE DESIRED POINT CANNO NXNOOE I61
C BE FOUND. WE RETURN WITH KS-1 ... NXPOOE 162

45 IF( J .EQ. NOM) GO TO 100 NXMODE 163
. JX.. NXHOOE 16.

C NXMOOE 165
C IT IS TAKEN FOR GRANTED THAT THE INmCDE OF POINT AOOVE CURRENT (IJ) NXMOCE 166
C IS 5 SINCE IT WAS FOUND TO EE 5 TO THE LEFT AND ABOVE. THE INMCCE OF NYHOOE 167
C THE POINT TO THE LEFT IS 10. IF THE NEW INMOOE IS +10# WE HAVE TO TR tSXHO0E 18
C TO MOVE FUqTHER TO THE RIGHT. NXNOOE 169

JIoz(J-t)*NVPI. NXMOOE 170
ICH'CINtDO (JI0) NXMOOE 171
IF( ICHK o=O. 10 1 GO TO 45 . . ... NXHOOE 172
JxJ-l NXMOOE 173

C NXMOOE 174
C IF THE CURRENT ICHK IS 59 %E TOY TO GO DOWN AGAIN. THE OTHER o0OSS- NXHOOE 175
C IBILITY, ICHK=-IC INCICATES SUCCESS NXMOOE 176

IF( IC4K .Eo. -i0) GO TO 20 NXMOOE 177
GO TO 40 . NXMODE 178

c NXMOOE 179
C WE CONTINUE HERE FROM 15. THE POINT ACOVE THE CURRENT (I9J) 1HAS NXHOOE 180
C ICHK .EQ. S. THE SITUATICh IS SUCH THAT WE CAN RESUME CALCULATION NXHOOE 181
C AT 45 ANO TRY TO MCVS FURTHE TO THE RIGHT. NXMOOE 182

,0 GO TO 45 NXMOOE 183
C NYMODE 18'
C WE CONTINUE HERE WITH I:l.J:NOP FRCM STATEMENT 30. SINCE WE HAVE NO NXHOOE 185
C PLACE TO GO THE SEARCH IS UNSUCCESSFUL. WE RETURN WITH K=-t. NXNOOE 186

60 GO TO 100 NXMOOE 187
C NXMO0E 18s
C WE CONTINUE HEQE FROP STATEMENT 40 WITH I oEQ, NVP AND INMOOEx5 TO TN NXMOE 189

C RIGHT OF THE CURRENT (IJ). WE RETURN WITH K=-I. NXMOOE 190
70 GO TO 100 NxMOOE 191

HXHOOE 192
C WE CONTINUE HERE FROM STATEMENT 44 WITH THE POINT 9ELOW HAVING NXMOOE 193

j
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C ZCHK *NE. 104 THE POINT AT T'4E OIGHT HAS ICHK ..!O. 5. HE CANNOT NXMOOE 194
C. SKIRT TH4F FIVES ANC PENCE lE RETURN WITH Ku-1. NXfIOOE 195

S0 GO-TO 100 .NXNOOE 196
o NXMOOE £9?
C WE CONrINue P'ERE F9OM 1'93945*6O,73*OR 80o THE SEARCH WAS'UNSUCCESSFU NVKODE 198
100 Kx-1 NX"OOE ±99

RETURN mxmnOO 200
END NXMOOE 20t



SUeP.OUTINE NXTP:NTtrI1j1,ITYPI12,JIjIYP2,NRow,NCOLIN".KI NXTPNT I
C NXTPht (SU'IROUTINE) 6124./693 LAST CARO IN DECK IS NXTPNT 2
C, NXTPNT 3
C NXTPNT 4
C ---- ABSTRACT---- NXTPNT 5
C NXTFNT 6
C TITLE - NXCTPNT "XTPNT 7
C PRO0GRAM TO FIND THE NEXT POINT (12,J2) OF AN ARRAY OF NIOW ROW NxrFNT a
c ANO NCOL COLUPNS GIVER~ THE PRECEDING POINT ri1.JI). OINT WIL NXTPNT 9
c eE USED IN suqsEaurNr CALCULATIO4 OF A PARTICULAR COINT ON THE NXTONT 10
C PHASE VELOCITY VERSUS FREQUENCY CURVE OF A GIVEN GUICEO MIODE* NXTFNT 11
C A TMSE OF VALUES OF THr SIGN OF THE NORPAL MODE DISPERSION NXTPNT 12
C FUNCTIO4 IS PRESUMEC TO BE STORr : AS INH (J-11*KVP+I) FOR EACH NXTPNT 13
C POINT (190) IN T'IE ARRAY. CIVFERENJT COLUMINS (J) CORRESOCND TO NXTFNT 14
C OIFFERENT FRECUENCIES WIMIE DIFFERENT RO04S (I) CORRESPOtID TO NXTFNT 15
C DIFFERENT PHIACE VELCCITIES. SUCCESSIVE 001IJTS AQE CHARACTERIZ HXTPNT r6
C BY A TYPE* ITYP! IS TYPE OF (Ij,JIj WHILE ITYC2 IS TYPE OF NXTPhT t?
C SECOND 0OIN?. THE TYcE- INDEX IS I. IF THE OOINT OIFECTLY AnOVE tlXTPNT is
C THE CONSIDERED POINT HlAS AN INM OF OPOOSITE SIGN. IT IS 2 IF NXTPNT 19
C THE POINT TC THE RIGHT HAS INP OF OPPOSITE SIGN. SINCE ROTH NXTFNT 20
C' POSSIBILITIES CAN CCCtRv THE CSSIGr.ATED TY0 E INDEX ITYPI CENOT HXTPNT 21
C THE PREVIOUS USE OF THE POINT (11,41) IN COMPUTATION. THE VAL NXTPNT 22
C ITYP2 WILL IN GENECAL OEFENC ON !4E PREVTCUS V4L'E ITY 0 i, NXTFNT 23
C THE DERIVED VALUES OF 12*J29ITYP? AR2 CALtCJLATED AS FOLLOWS. NXTPNT 24
a.. NXTPNT 2S
C to. IF ITYPI IS I AND IN" OF POINT TO RIGHT is OPOOSITE NXTPNT 26
C OF 10OIN"(tJ-l)*NVPIl9 THEN 12:I±,J23J1TYP2 2. NXTPNT 27

CNXTPNT 26
C.~.* 2. TE PINT(12.2) LSTEITER E THF DIRECTLY ACJACE NXTPNT 2

C POINT TO THE RIGHT (IL11I THE POINT OIRECTLY BEL NXTPNT 30
C .... f I1+LJl)o CR THE ACJACUIT POINT TO THE LOWER RIGHT NY TPN:T 31
C (11019J1+1) IF CONOITIO; 1 3DES NOT HOLD NXIPNT 32

cNXTFNT 33
C 3e THE CHOSEN POINT PUST HAVE THE SA14E INH AS 111Ji NXTPNT 34
C AND HAVE A POINT EITHER DIRECTLY AOOVE OR CIP.ECTLY T NXTPNT 3S
C ' ~ THE RIGHT WITH OPPOSITE IN".* NXTPNT 36

cNXTPNT 37
C 4. IN THE EVENT MORE THAN ONE POINT SATISFY CONDITIONS NXTFNT 38

* .C ~ . * 2 AND 3, PRIORITY OF SELECTION IS (1) THE POINT TO NXTPN1T 39
C THE RIGHT* (21 THE FOINT DIRECTLY BerLOW, (31 THE POI NXTFNT 140
C .... TO THE LONER RIGHT* IF THE SELECTEC POINT SATISFIES tlXTPNt 41
C CRITERIA VCR 9OTH ITYP221 3R 2, ITYP2=1 IS RETURNED. NXTFNT 42
C * - OTNCP.WISE9 THE- APPPCPRIATE ITYP2 IS RETURNED OEFENDI NXTPNT 43
C ON WHICH CRIT;ERION IS SATISFIED. NXTPNT 44
C NXTPNT 45
C THE COMPUTATION ASSUPCES P7EGION OF SUCCESSIVELY ACJACENT POINTS NXTFKT 466
C HAVING SAHE INN TC -3E SINPLY CONNECTED AND THAT PHASE VELOCITY NXTPNT 47
C CURVES REND GCWNWA.RCS9 I.E., O(V0 )/O(OMI *LT. 0. IF NEW POIH NXTPNT 48
C IS FOUND,9 Ks*1. IF IT IS NOT FOUND, K-~1. NXTPNT 49
C NXTPNr so
C LANGUAGE - FORTRAN IV (360# REFERENCE MANUAL C21-6515-4) . . .*NXIPNT 51
C AUTHOR - £.O.PIERCE, IP.Z.Tos JUNE,196a NXTPNT 52
C NXTPN11 53
C ---- CALLING SEDUENCE---- HXTfHT 54
C .. . . .. *.- NXTFNT 5
C SEE SURROUTINE MOOETR NXTPNT 56
C DIMENSION INMOCE(1) (INmmD IS-.SAME AS INN) HXTPNT 57
C CALL NXTFNTtI1,.J1,ITYPI12,.J2,ITYP2,NROWNCCLIN'OE.K) NXTPNT 58
C IF( X *Eq. -1) GO SOMEHE-RE . XTPNT 59
C USE I29J29ITY02 NXTONT 60
C NKVPNr 61
C NO EXTERNAL LIORARY SUBROUTINES ARE RElUId0. NXTPNT 62
C NXTPhT 63
C ---- ARGUMENT LIST---- NXTPKT 64
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C i * NO IND XP'6
-cAYP * NO ICNXTPNT 68
C it 1*4 NO OUT. . NETPNT 69
C J2 1*4 NO OUT NXTPN1 76

c ITYP2 144 NO OU XPT 7

c ~ ~ ~ ~ N IN INVR to XPT 7

c 914 NO OUT . .. NXTPNT 75

--- NUT-- NXTFNT 79

c it RW NE OF START POINT .NXTPNT 81
C J2 2COLUNN INOEX OF START P~Itt 4XTPNT 82

c ITYPI -. *T NE OF ST OI 001T* 1 ME:-ANS CONT ABOVE HAS NXTPNt 83
c DIFER-&TIKM 2MEN POINT TO RIGHT HAS DIFFERENT NXTFNT 84

c N*NXTPNT as
C NROW 2NUP.SER CF ROWS INARA NXTPN' 86
c NCOL =NHE FCLMSIN A.'4AY NXTPNT 87
C INN 2IG OF NCR A MODS DISPERSION FUNCTION, I IF 0CS., NXTPNr 88
C -1 IF NEe.5I IT O0ZSUtT EXIST. LET ISL P.00 NVP, NXTPNT 89
C Ja(L-I)1V0+I4. INt"COE(L) is sIGh 05 NPOF FOR NXTPNT 90
C.........O"EGAaOP.(J)v PFASS VEL. =VPCI)t WHERE OM(J) *GS. OH( NXTPNT 91

CAND VP(I1 .LE% VO(I-il NXTPNT 92
NXTPNT 93

C ----OUTPUTS---- NXTFXT 94.
C . NXTONT 95

C 12 C~ROW INDEX CF FOUND POINT NT~

... z xCOLUtIN INOrX OF FCUNO POINT NXTPNT 97
C ITYP2 XTYPE INDEX OF FOUJND POINT, NxTpNT 90)
C K. x FLAG INCICA1INg IF POINI<-(KZ.J2)21S.QUNO# I IF YES* NXTPNT 99

C~. IF1 NO. <. .. NTN 100
C . NXTPNT L0t
C ----EXAIPLE- NxTPKT 102

THc NXTPNT 103
C SUPPOSE TEARRAY OF INN VALUES IS AS SHOf b:2J NXTPNT 104
C . .. XTPNT 105
c "**~~*- ROW289 NCOL=Il NXTPNT 106
o NXTPKT L0T
c 5 -....... IF 11239J1S~eITYF1 . THEN 1293*J259 NXTPNT 108

C ... .5----------TYP2%IvK=1 . NXTPNT 109
c 55 ..... NXTPNT 110
C .s 5-------- 4 IF 11 JI29,ITYPIZZ THEN 1222#J22109 NXTPNT III

C 55.... - ITYP~z1,K:1 NXTPNT 112
C 55----- NXTPNT 113
C IF Z1x3,J1=?,ITYPI=t TPEN I2--3qJ2=?, NXTPNT 114
C . . ~ ITYP229K ..........l NXTFNT 115
c NXTPNT 116
C-.* IF' Ilz3qJ1311,tTYP@10. THEN K2-1 NXTPNT 11?
C NXTPNT 118
c . .. NXTPNT 119
c *---PROGRAM FOLLOWS BELOW---- NXTPNT 120
c . . NXTPNT 121
C NXTPNT 122

DIMENSION INMII .. NXTPNT '24

JIxN~(J-t1 +1 .. *. NXTPNT 125
I0I"Wl NXTPNT 126

I IF( 10 *EQ. 5 .OP. 11 *GT. NROW *OR* Je .GE. NCOL) GO TO 30 NXTPNT 12?

C NXYFNT 128
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C IR IS INN OF POINT TC THE RIGHT. I IS IN" OF POINT (11J),A NXTPNT 129
5 J12x(J14fNqOWO Il NXTPNT 130

IRI1N (J121 NXTPNT 131
6 IF( IR *NEo I ) GO TO 15 NXTPNT 132
7 IF( II .EQ. 1 ) GO TO 30 "... NXTPNT 133

C NXTPNT 134
C IR HAS THE SANE SIGN AS ID. WE CHECK IRU REPRESE4TING INN OF UPPER NXTPNT 135
C RIGHT POINT. IF THIS IS -I. THE RIGHT POINT IS THE OESIREO POINT9 NXTPNT 136
C IF IT IS NOT -Iot WE CANNOT FINO (12,J2). NXTFNT 137

10 J13s(J1)NROW+I-1 NXTPNT 136
IRU2IN4(JI3) NXTPNT 139

11 IF( IRU .NE9 -10 1 GO TO 3a NXTPNT 140
ITYPZl. NXTPNT 141
12I11 NXTPNT 142
JZ=Jlt. NXTFNT 143
Kx1 NXTFNr 144
RETURN NXTPNT 1 5

C NXTFNT 146
C WE ARRIVE HERE FROP STATEPENT 6. THE POIN1rO THE RIGHT HAS A NXTPNT 147
C DIFFERENT INN. IF THIS IS -10 ANO ITYPI:1t WE HAVE (IZJ2)=f(IJI1 NXTPNT 148

..C WITH ITYP2-Z. IF THIS IS 5 WE CANNOT FINO (IZJZ). NXTFNT 149
15 IF( IR *EO. 5 ) GO TO 30..... NXTPNT SO

C ... NXTFNT 151
C IRv-IO AT THIS POINT .... NXTPNT 152

IF( ITYPI oNE. I ) GO TO 25 .XTPNT 153
1291I " NXTPNT 154
J2JI * NXTPNT 155
ITYPL32 NXfPNT 156
Ka1 • . " NXTFNT 15
RETURN . NXTFNT 158

C NXTFNT 159
C IRx-IO. ITYFI IS 2. WE CCNTINUE FRCM STATEMENT IS* IF WE APE ON TH NXTPNT 160
C BOTTOM ROH HE CAN!OT FINO NEW POINT NXTPNT 161

25 IF fli1EO.NROW) GO TO 30 ." " NXTPdT 162
. NXTPNT 163

C WE CONSIER POINTS BELOW DNO TO LOWER RIGHT NXTPNr 164
J1421Jl-)*NROW,+111 .NXTPNT 165
IOVINM(J141 " , . . NXTPNT 166
JI52fJl)*N~ow~lli X1NT 16
IOqRz.4M(J15 .. . NXTPNT 16?I CC .. NXTPNT 169C IF IOR IS 5, WE CANNOT FINC THE NEW POINT" " . NXTPNT 170

26 IF( IOR .E9. -5 I GO TO 30 . • NXTPNT 171
c NXTPNT 172
C IF IOR IS 10, THE NEXT POINT IS THE CR POINT__ NXTPNT 173

2? IF( IOR .NE. 10 1 GO TO 28 . NXTFNT 174
* 12311 1 NXTPNT 175
J2zJl.l NXTFNT 176
ITTP21. .......................... . ... . NXTPNT 177
Kul NXTPNT 178

..RETURN .. .................. ....... -... .NXTPNT 179
C NXTPNT 180
C IR-0, ITYPI IS 2. IOR IS -I0. WE CONTINUE FROM STATEMENT 27. NXYFNT 181

28 IF( 10 .NE. I 1 GO TO 30 NXTPNT 182
E NXTPNT 183

C THE NEXT POINT IS THE OOWN POINT NXTFhT 184
I:I1+1 .. ...... NXTPNT 165
Ji2J1 NXTPNT 186
ITYPZS2 ........ NXTPNT 16?
Ks1 NXTFKT 188
RETURN .. ....... .............. NXTPNT 189

NXTPNT Iqo
C WE fRRIVE HERE FROM 1,T711,15#25,26. TIIE NEXT POINT CANNOT BE FOUNO NXTPNT 191

30 K2-1 NXTPNT 192
RETURN .......... ... NXTFNT 193
END NXTPNT 19.[ _ _ _ __ _ _ _ _
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SUMIROUTINE PAH0CE(ZSCRCEZOPS.P0FNO.KST.KFINOMIOOVPNOO.AKI9 PAHPIOE I
tAH'0,ALARFACT, TNfTK9NP4NTl PAIIPOE 2

C PAlIPOE (SUBROUTINE). 7130/66 LAST CARD IN DECK IS PAMPOE. 3
C ,--PAHPOE 4.
C ... -- ABSTRACT---- PA3kPOE S
C P AMPUE 6
C TZTLC PAMPOE PAMPOE 7
C PROGRAM TO COPPUTE ANC STORE AMOLITUDE FACTORS A"P(J) AND FACT PAP.POE a
C A40 SCALING VACTOP ALIhN. THE QUANTITY AMP(J) IS THE OUANTITY PAMPOE 9
C AM'PLTO COMPUTED V3Y SWIROUTINE NAMPOE WHEN THE ANGULAR FRECUENC PAM'POE t0
C 1S OMPOO(J) AND THE PHASE VELOCITY IS VPNOO(J). IT CnR- .ESPONO PAMPOE It.
C TO THE 4MOOE-TH GU!GO*-* MODS WHEN J IS 8ETWEt4 KST(NMCOE) AND PAMPnE 12
C KFIN(KMOOE), INCLUSIVE. THE QUANTITY FACT IS DEPENDENT ON PAMODE 13
C . SOURC~E ALTITUCE ZSC4CE ANC OBSERVER. ALTITUDE ZOBS AND IS GIVEN PAMPOE 14
C PAMPOE 15

-- C. FACT a COS*ll*E*PCOTIo~*0333 PAMPOE 16
~v .cIS SUDA PAfI0OE 17

C WMROSz./OT2P)pct)I H ON PE TTE PAMPOE i
C GROUNO. (PSCRCE/l.E61 IS TEAM8IENT PRESSURE AT ZSCRCE DIVIDE PAMPOE 19
C 6Y THE ANSIENT PRESSU;E AT THr GROUND, THE QUANTITY UCD IS PAMPOE 20
c THE SQUARE 6COT OF (AhBIENT D!IISITY AT 208SIflneENT DENSITY PAIIPOE 21
C .* ZSCRCE 3. THS SCALING FACTOR ACA"i IS GIVEN BY PAI4AOE 22
c AA IE/SRE~O333IC(3C(SR PAMPOS 23

C AA" (%EEPSCCE)4(..333316(1(1/C(ISRIPAPOE 24
C PAMODE 25
C WHER CI(ISCR) IS THE SOUND SPEED AT THE SO'JRCE ALTITUDE* THE PAMUDE 26
C SIGNIFICANCE CF THESE QUANTITIES 1S EXPLAINED IN SUBROUTINE DAMPOE 27
C~. PPAMP. * PAMPOC 28
C PAI'POE 29
C PROGRAMI NOTES - . . ~ .- PANPOE 30
C PAPPOE 31
C THE *ARAMtETERS IMAXvCIVXIVTIHI DEFINING T4E PULTILAYC PAMPOE 32
c * ATMOSPHERE ARE'rRCSUMEC STORS3 IN COM'ION. THE AMBIENT DAMPOE 33
C 'PAESSURES ARE CO;1FUTED BY CALLIN3 SU3ROUTINE AlleNT WHICH PAMPOE 34
C ALSO COPPUTES THE INDICES 109S AND ISCR Qc THE LAYTRS PAMPDE 35

C............ WHICH OeSERVER AND SOURCRSETVLLE APE 3
C PAMPDE 37
C IN COPPUTIhG APRIENT CENSITIES9 THE IDEAL GAS LAW PAMOE 38

CRO A'APC IS USSO. TH'.JS UE3 x (CI(ISCRbiCT(IOBS) PANPOE 39
C Sf4RT(poes/PscRcci. PAv,.'0E 40
C PAMPOE 41
C LANGUAGE %~FORTRAN IV (363-, REFERENCE MANUAL C2-652.S-4) PARPnE 42
C PAMP#)E 43
C AUTHORS -A.D.PIERCE ANC J*P('SEY, M.I.T.. JULY;1968 PAMPOE 44
C PIMPOE 4S
C ---- CALLING SEQUENCE~-..... ... PAMDOE 46
C PAMPOE 4?
C SEE THE MAIN PROCRAM POMPOE 46
C DIPENSION CI(1003,VYI(2.OO),VYlfIOO),94(100) PAPPOE 1.9
C DIMENSION KS(1KI( .M0tlV"0t~A~i PAINPOC 50
C THE PROGRAM USES VARIAP.LE ClPENSIONIKG FOR O)UAt4TrrIES IN ITS PAPOO 51
fC ARGUNEtnT LIST. .PAMPOE 52
o COh4ON IPAXczVXIvyI.Hl THESE MUST 3C STOPE1 IN COMMON) PAMPOC 53
o CALL @AMPOE-IZSCRCEZO!S.1PN0,t(KSI7iFIN.OMMO~oVOMOOAXDALAM9 PAPPOE 51'
C I FACTTHETK*NPPNT) PANOO. 55
C... PAMPOE 56
c ---- EXTERNAL SUBROUTINES REQUIRED~-- PANPOE 57
C PAMPOE 58
C AHN.rhAPPOETCTINT.NIPMAAAAUSEASUPINTELINTo'!OBCAISAI PAPtOOE 59
C PAMPOE 60

*C ---- ARGUIENT LIST-- PAPDE 61
V C . ... PAMPSC 62

C ZSCRCE R*4 NO iNP PAMtPOE 63C os R4 N m AFE 6



C POFNO t' NO IND
C KST 1*4 VAR INO PAP"OE 66
C KFXN 1*4 VAR INP PAPOE 67*
C O""OD R44 VAR INP - *PAHPOE 68
C WWNOD R*4 VAR INO PAOE 69
C AMP' R*1. VAR OUT PAIIPOE 70

*C ALA" R*4 NO CtIT *PAUIRDE 71,
C FACT R4 4. NO OUT - .PAIIRE 72
C INETC R*. NO ItIP PANPOE 73
C-- NPRNT 104 NO IMP............... PAIIPOE 74.
C PAIIPOE 75
C COMMON STORAGE USED PAMPOE 76
C CONPIO-1 IPAXCIVXIVYINIPAPO 77
C . . .PANPOE 78
C ZIMAX 1*86 NO INP PAPIPOE 79
C Cl R44 lao rup VANPOE 80
C VEx R*4 106 INO PAPPOC a1
C vI'! R4' 100 jt40 PANPOE 82
C "I R*4 100 INP PANPOE 83
C . ... PAMPOE 84.
C ---- INPUTS---- PAPIPOC 65

.CPAPPOE 86
C ZSCRCE 2NEIGHT IN K"' OF OUVST A90VE GROUND IPAPOFC a?
C zieS =HEIGHT IN. K)' OF OUSERVER ABOVE GROUND PAPIPOE 86
C NOFNO XNU)'FEH OF GUIDED PICCES FOIJNC PAPPOE A9
C KST(N) mINDX OF FIGST rATULATEO POINT IN N-TN MODE PAMPOE 90
C KFIN(N) *INDEX OF LAST TAOULATEO POINT IN N-TN MODE. IN PAIMPOE 91
C GENERAL* K~Itl(#)zKST(N+I)-I. PAIODOE 92
C OIIPODIN) xAR4AY STOFIkG tIJ';LaR FREIUENCY OvOINATE (RAO/SEC) 0 PAPOOE Q3
C .. POINTS ON aIScEPSICK CURVES. THE N)'O'I MODE IS STOR PAPOOE 94
C FOP N DETUETEN KST(KPOOE) AND KFIN(NPO3-E), INCLUSIVE, PAPPE 95
C VPMOO(N) wARRSY STOFIKG PHASZ Vr-LICrTY ORDINATE CK4/SEC) OF PAmnnE 96
C. POINTS ON CISOFRSICN C!UQVES* THE NPOOE MO00E IS STOR OAPOCE 97
C - FOP' N eETI-EZN KST(NP'DE) At.3 KFIN(NftOOE)o PAPOO0c 96
C T"ETK xOIRECTION IN RACIANS TO OBSERVER FROM SOURCE, RECXON PAPORE 99
C PNTCOUNTER CLCCKWISr FPOM X AXIS. PAMPOE too
C NPN PPIKT opTich INDOICATOR (SEaT NAMI IN MAIN PROGRAP). PAPPOE 101
C IMAX P4UPiOER OF LAYEPS OF FINITE THICKNESS. PAMPOE 102
C CI1I) ZSOI1KO SPSE IN KM/SvC IN. I-TH LAfER pAtoOre 103
C VXI(I) xg COMPONENT OF WINC VELOCITY IN I-TH LAYLR IKM/SEC) PAMOE 104
C VYIII) zY COMPONENT OF WINC VELOCITY IN I-TH LAYE-R (KM/EEC) PAMODE t05
C Hill) 2THICKNESS INK KM OF .1-TN LAYER OF FINITE THICKNrESS PAPPOE 106
C PA'ODE IC?
C ---- OUTPUTS---- *PA1#POE 1.08
C PAPIPOE 109
C AMPIJI SAPFLITUCE FACTCP FOR GUICrED WAVE EXCITED SY FOINT PAMPOE 110
C ENERGY SOURCE. UNITS ARE K""t-tleI THE J-TH ELE'IEN PAMODE Ill
C COPQESPONCS TO ANGULAR FREflUENCY CMeMOO(J) AND P14ASE PAPIPOE 112
C VELOCITY YFkOO(J). T4-- A40LITUCZ FACTOR IS A00FO-qI PAI.OOE 4.13
C .. TO THE NI-CCE-TH MOCE IF J. *GE* YST(NMODE) 0-D J .LE. PAMPOE 114
C KPIKINMOOrl. THE APPIJ) IS THE SAME AS AMFLTO COMPU PAMOE 115
C BY SUBROUTINE PtiMPOE4 PAMCOE 116
C ALAN TA SCALING FACTOR CEREHnEPHT ON HEIGHT OF "'JRST, E'2UAL PAPPOE it?
C TO CUBE FCCT CF (cRPESSU)R-E AT GPOUNOI/(PRESSUPE At PAMOE It8
C OURST NEIGHT) TIMSS fSOUJ3 SPEEDO AT GROUND)/tSOUND PA1,QOE £19
C SPE9ED AT eURST HEIGHT). PA1120E 120
C FACT *A GENERAL A)PLITUOE FACTOR. OEPENCENT CN BURST "EIGHT PANPOE 121
C AND OeSERVER HEIGHT, A PRECISE DEFINITIOtt IS GIVEN PA'1POE 122
C IN. THE AeSIRACT. PAPOE 123
C .*PAMPOIE 124
C ---- PROGRAM FCLLOWS OELGW---- PAPPOE 125
C PANPOC 126
C PAWKl £27
C OIVE!NSION AND C04IICN STATEPENTS PAMPOE 126'

DIMENSION CI(1CC),VXI(100).VYI(IOC).NI(100) PAIIRDE 129
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OIMiEtSION IKST(10),ICFIM(10) .0HMO00 O)C,VPMO0(1O0),ANPtl100l) PAH007! 1I
OZMENSION AKI(16030) PAPPnE 1.i
COMMON Z"AX*CZ*VXI*VYI*H PMPE 3

C PAMPOE 133
NOFNO 9 MOFNO . PAMPOE 13'.
If (NORNT*LT.01 GO TO 20 PAmPOE 135

C PRINT HEADING FOR PHIL ANO FMIZ PRCFILE DATA TO BE PqINTEO BY NAMPDE PAMPOE 136
WRITE M6919) PAMOQE 13?

19 FOqMAT (IHI.'4jX,261PHI1 AND P1412 PPOFILE DATA ///63HOIAPIMX x NO. PAHVOE 133
10F LAYER FOR WI'ICH A9S(PhIltIAFIPX)) IS A MAXIIUII63H IAP2MX x NO PAPaDE 139
ZQfr LAYER FOR WHICH AES(PHIZ(lAPFtlX)l IS A MAXIMUM/42H QR! = P PAODE 11.0
311(IA'1'4X) /' A0S(PHI2(IAFZrX)) /42M R2 2 CH12(IAPMN) I ASS(P PAPE 11
412(IAPZ4X)l /.714 R3 PH412CI) I ASS(P1412(IAP2MXll /40H 4 ZCl PAI4POE 142
53 NO. CF TIMES FHIl CHAthGZS IGN /404 NZC2 'x NO. OF TII'ES F412 PAMOOE 11.3
6NANGES SIGN) . PAMPOE 1441

20 CONTINUE PANPOC 145
C 00 LCOP TO COMPUTE APP(J) .. PAIIPnE 146

00 25 1131,MCFNC . PAMPDE 14?
IF tNPRNT*LT.0) GO TO 23 .. PAMPOE 148
WRITE t6.22) II PAPDCE 14.9

22 FORMAT (IN //i/// IN ,sixSH'lofl 912 //1"4 ,7X,5IIOMEGA,7X,5HVP4S PAMFDE ISO
1,6X,61AIN1.OX,1a R1,sX4Hn:ZC1,eX,6HIAP2nX,1oX,2HqZ*aX,1.HNZC2.1e PAMrOE 151
2,2HR3 /) PAMPOE 152

23 J12KST(II) PAHPOE 153
J2'KFIN( II) PAMOCE 154
00 25 jJJ1J2 PAMPOE 155
K' a i. .PA"POE 156
OMEGA 2 OMMOD(K) PANDOE 157
VPHSE v VPH'OOCg .* PAMPOC 158
AKITR a AICI(I( PAM'OE 159
X 3 ANP(K) PAMPOE 160
CALL NAMPOE(ZSCRCEZOUSOMEGA, VPHSEAKITR.THETCX *NPQNTI PANDOE .161
AMP(Kl a X PAMPOE 162

25 CONTINUE PAMPOC 163
WRITE (6,251) PAMPrJ! -.64

251 FORMAT( 1/ // 1614 AP8f.T IS CALLED). PAMPOE 165
C ENO OF700 LOOP . ~ .. PAMPOE 166

c AMPDE 167
C COMPUTATION OF AMIENT PPESSURES . -...... PAPPOE 168

CALL AM9?JT (ZSCR CE, 0SCRCEI1 CR) PAMOOS 169
JCALL APdONTfZO8S9S jsICeS) PAM'OE 170
WRITE (6*25Z) CSCRCEvISCQ*P09S :t8S PAMPOE 171

252 FORMAT (IH ~..1,I..1)- PAI4POE 172
C PASIPE 173

C COMPUTATION CF SORT(CENSITY RATIO) -- PAMPOE 174.
UEO a fCI(ISCRl)/r.(IC0S~l ' SIRT(POSS/PSCQCE)l PAMPOE 175

C . . .- PAIIPOE 176
C COMPUTATION OF ALAM AND FACT PAmPOE 17?

ALAM2(1.E6/PSCPCS)4' (C.!3323!)(Cli()/CI(ISCR)). -PAIPPOE 178
C NOTE THAT CI~l) IS SM40l SFE7-0 AT THE GR.OUND PAM'OE 179

CONST a4*0/SORT(2.'!'.593) PAMOE 180
FACT z CONSTeCCI(1e#UEOW(OSC:?CE/l.E6)4(0333333)) PAPPOE 181
WI~tTgE (6,253) FAC~T PANPOE 182

253 FORiT (.N ,5HFACT=,EI6.5) PAMPOE 183
I7CNPRNT .14!. 1) PETURN PAMOE 184
WRITE (6*31) ZSCPCE*ZOeS*FACT*ALA4. PAPPOE 185

31, FORMAM19 20X% 3r)HTAMLATIION OF SOURCE FREE AlPLITUDES9 PAMPOS 18a6
1. 23H4 FROM SUBROUITINE PAMPO:- //21X* VIHrISIGMT OF BURST Z, PAMPOE 187
I 78.3. 3)4 KM / 21X* 19MI-EIG3HT CF OPS=P.VER=. F1.39 !H4 KN/ PAMPf3E 188
I1XK 4)4FACT, 1.4Xt 1Hzt F8.3, 714 ICMSEC/ 21X,4HALAM914X, IN29 PA)JPOE 189
1 76.3) .- PAhPOE 190
Do0s 50 I MOFNO DAMPOE 191

c WRIT-- (6,41) It PAMPnE 192.
i1' f6ORMAT( IN /I/ IH * HIICCE v n3/ 1)4 2OX.5HOMEGA9 PAMPCE jq3
I 15K, 5HVPHSE91SX, 3HAKI, I7x. 3HAMPI PAM'OE 194
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KlaKSTIZ!) PAPPOE 19
KZzKFZN(X!) *. PANPOE 196
00 50 JzKi*K2 PAI'POE 19?

50 WRITE (6,51) Or'MOO(J),VPMOC(J),AKI(JI,AMP(JI . AMPOE 196
51 FORMAT(IH4 ,4X.P2G.5,F2Ge5vF2O*9*F2C*S) PAtIPOE 199

RETURN .. .PAPPOE 200
(NO PAMPOE 201
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SURROUTINE PHASE(RRRftPHI) PHASE I

C PHASE (SUBROUTINE) 8/15/68 LAST CARO IN DECK IS PHASE 2
C PHASE 3
C .PHASE 4
C ----ABSTRACT---- PHASE S
C PHASE: 6
C TITLE - PHASE PHASE 7
C CONVERSION OF A COMPLEX" IJUMBER FROM RECTANGULAR FORM TO PCLAR PHASZ a
C FORM PHASE 9
C PHASE 10
C GIVEN TWO REAL NUPPERS RR AND RI, A MAGNITUDE R AND AN PHASE 1t
C ANGLE PHI ARE COMPUTEO SUCH THAT PHASE 12
C .. PHASE 13

C RR + I*RI = R 4 EXP( I*PHI ) PHASE 14
.0 PHASE 15
C WHERE I 2 (-1)*.5 ." PHASE 16
C PHASE 17
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C28-6515-4) PHASE 1
C PHASE 19
C AUTHORS - A*D*PIERCE ANC JPOSEY, M.*T., AUGUST91964 PHASE 20
C PHASE 21
C PHASE 22
C ---- USAGE---- ...... PHASE 2.
C PHASE 24
C NO SU9OUTINES ARE CALLEC . . . . PHASE 2S
C PHASE 26
C FOFTRAN USAGE PHASE 27
C PHASE 28
C CALL P4ASE(RR*RIRPHI) . . • PHASE 29
C PHASE 30
C INPUTS PHASE 31
C PHASE 32
C RR REAL PART OF THE COMPLEX NUMBER BEItNC CONVERTEO PHASE 33
C R*4 PHASE 34
C PHASE 3S
C RI IMAGINARY PART OF COMPLEX NUMBER BEING CONVERTEO PHASE 36
C R*4 PHASE 37

C PHASE 36
C OUTPUTS .... PHASE 39
C PHASE 40
C R HAGNITUDE OF THE COMPLEX NUMBER.. PHASE 41
C Re' PHASE 4?
C PHASE 43
C PHI PHASE OF THE COtPLEX NUPgER (RACIANS) (-PI.LT.PHI.LE.PI) PHASE 44
C R4 ....... PHASE 45
C PHASE 46
c .. .. PHASE 4?
C ----EXAMPLES---- PHASE 48
C PHASE 49
C CALL PHASE(C.0,1,0RPHI) PHASE 50
o PHASE 51
C It a 1.0 AND F'41' z 1.570796 ARE RETURNED PHASE 52
C PHASE 53
C CALL PNASE(1.0,-1,RIFN). PHASE 54
C PHASE 55
C R 2 1.414214 AND PHI z -0.7853982 ARE RETURNEO OHASE sk
C ........ .... PHASE 57
C PHASE sa
C --- PROGRAM FOLLOWS eELOW.. ---........ PHASE 59
C PHASE 60
C .. ... PHASE 61
C PHASE 62

auAAS(RRl+A8S(Rl) PHASE 63
IP(9-1.E-25: 1,1,30 -. PHASE 6

I /
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PHI MOO 0 PHASE 65
RCTUPN PHASE

38~ AR.RR/O PH4SE 67
AX/qPHASE 68

ASS'4Rr(AR4*2,A:..2j PHASE 69
R814A PHASE T

0H19ASIN(Ass(AIIIA) PH7E1
ZF(RR) 50,60,60 PHASE 72

s0 IF(I) 300,300,2o0 PHASE ?360 IFIRI) 400,400,13o PHASE 7
100 Pt4IVPHI PHASE 75RETU.J!J PHASE 7?
200 P~r*3.415q2?.P~r PHASE

RETURN P14ASE
300 PHvP ,17.~jqZ PHASE 80

RETURN PHASE 8
400 PHISa-PHHAE a

RETURN.' PHASE atENO PAE 63

PHASE 64



-140-

SUf6ROUTtNE PpAetPYrELCqpCFINOKSTKPIN.OMMoOVFMOO, PPAPP I
lANP9ALAP ,FACTvA"qaLTOPMASg) POANP 2

C PPAMP (SUBROUTINE) 7/30/68 LAST CARD IN DECK IS PPAMP 3
C .PPANP 4.

C --- ABSTRACT---- PPAMP 5
c PPAMP 6
C TITLE -PPANP PPANP 7
C PROGRAM TO COPPUTE ANC STORE AMPLITUDE ARRAY AMPLTO ANC PHASE PPAMP
C. ARRAY PI4ASO FC.R GUIcen WAVES EXCITED BY A POINT ENERGY SOURCE PPAMP
C WZT4 TIME DEPENDENCE CORRESPONDING TO A NUCLEAR EXOLOSION OF POAMP 10
C ENERGY DENOTEC BY YIELD IN KT. THE VALUES FOUND ARE TO SE PPAMP it
C SUaSEOUZNTLY USEC BY TIIPT ACCCROING-TO THE RELATION4 PPAMP 12
C PPA"P 13
C (PRESSURE IN OYNES/CR*02 FOR A GIVEN ePOOE14SORT(R) PPAMP 14
C PPAMP is
C , INTEGRAL OVES CP.EGA OF AMlPLTO4COSIONEGA-(T-R/V@),PHASOI PPAMP 16
C PPAIPP 17
C THE QUANTITIES AhFLIC ANC PMASQ ARE BOTH CEPENOENT ON ANGULAR PPAMQ 1s
C FREQUENCY AND ARE OIFrsAENr FOR DIFFERENT PUOES. PRAMP 19
C. PPAMC 2a
C PROGRAM NOTES PPA"P 21
C PRAMP 22
C IN THE FORMULATION FOR A DOINT ENERGY SOURCE, THE ENERGY PPAI'P 23
c ......... .. EQUIATION*Is WAITTEN .- PRAM0 24

cOP/OT -(C*4?;OtRHO)l0T a 4*PI*C*2F(T)*f0ELTA FNCTN IPOAMO 26

c A EXPRESSION FOR F(T) IS PPA"P 27
C PPAMP 28
C F(T) s(fL*421/CSl4P0S*(INTGRAL OVER X FROM 0 TO CS*T/L PPAMO 29
C . . OF UNIVERSAL FUNCTION FUNIVEXIY PPAMP 30
C PPAMS 31
C *WITH LmtENEPGYOS**f1t3f AND POSICS REPRESENTING PRESS PPAMP 32
C AND SOUND SPEO AT Tlir SUURCE. IF FtKYtri IS THE OPSSSU PPAMP 33
C AT A DISTANCE CF 1 KM FqO4 A I. KT EX-LOSxON AT SEA LEVEL PPAtIP 34
C AND WIT" TIME CRIGItl CORRESPONDING TO BLAST WAVE ONSET, PPAMP 35

C.THEN *. PPANO 36
c PPA"P 37
C FUNIV(X)=(ILI'POII)41-11.FICT(L.X/CI) PPAMP 38
c PPiMP 39

-cTHE FOU91ER TRANSFORP Cl. F(T) rs ACCORDINGLY FCUND TO BE PPA4P 40
C PPAMP 41
C GCOMEGA). 1(*I Y4z3 C/S(O/O)(/ PPA1l@ 42
C PPA110 403
C ... *(I/(-I4OK.EGA))*FTMAG(OMERAT)4EXF(I4*FTOHSE(OMERATIO PPAP.P 4,%
C PPA4P 45

_;WHERE Y IS YIEL IN K?, !2SIRTC-11v AND OflEqATzALA4M* PPAnO 46
C O0EGA#Y**(1/3). TtlE- FUNCTIONS FTMAG 4ND FTF4SE ARE AS Ppimp 47
C COM'UTEC BY SUOPOUTINE SOURCE. THE OUANJXYY ALAN IS PD*A-4 48
C (Cl/CS)*(01/PO5)*l/;. AS COMPUTED BY SU39OUTINE VSAMP 49
C PAMPOE* PRAM' so
C A LENGTHY CERIVATION NOT GIVEN HERE INDICATES THAT PPANP 51
C. PPiMP 52
C AMPLTO#ZXvt-I*PHASa) PRAM0 53.

C PPiMP sh
C v -4*SQPT(K)*GIOMEGA)*CS*UEOSORT(2PI)*AN4P PPAMR 55
C .... *EXP t-I*P 1/4) - PAM 56

CPRAMP S?
C .... W4ERE.APP IS THE SAME AS THE AMPLTD CO"FUTED BY NAPOE A PRAMD 56
C WHERE 050D IS THE DENSITY FACTOR (CS/COBS)*SORTfPSCqCZ/FO PPAN0 59
C -COtIRUTEC IN SU2BROITINXE FAMPOE. INSERTING GIOMEGA) INTO PPAM- 60
C THE LEOVE. WE ICENTIFY PRAMo 61
C.-- PRAM' 62

CPHASO 2(3/4)*FI FTFHSEtOMERAT) PPAM9 63
C PPAMP 64



C PPAND 66

o WHERE FACT IS */SRT(2*@I)#C14UEOCPS/P1)P#(1/3) ANC IS POAMP 67
C COMPUTED BY SUSROUTINS FAMPOE. PPAP.P 66
C PPAMP 69
C TMt9 QUANTITIES FACT, ALA", ANO AM ARE IN THE INPUT LIST PPAMP 70
C OF THE SUBROUTINE. NOTE THAT THESE ARE YIELD INOEPENOEN PPAMO 71
C TE PPARP 72
C, H S"HEME OF STORAGE VC AMOLTO(J) ANDO HASn(J) IS THE PPAmD 73
C SAME AS 0OR M1N00J) ANO VPM~OO(J)o SEE SUBROUTINE ALLMO PPAMP 74
c PRAMPP 75
C. ANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C21-6515-4) PAMP 76
C- PPAflO 77
C AUTHORS - A*O.PIrRCZ ANO J.POSEY, 14.1,?., JULYt1968 P*- PANP To
C PPAMP 79
C ~--CALLING SEQUENCE~-- . . PPAMP so
C PPAMP 8L
C SEE THE MAIN PROGRAM PPAMP 62
C 0IHEIJSION KST(±),KFTI11,OMOO(1).V0100(1),AMStl) PPAPP 63
C CIFIENSION AMPLT0(;.JPHASn(l) PPAMP 64
C THESE QUANTITIES MUST BE cIIENSIONEO. THE PROGPAM USES VARISULE PPAMP 65
C OINEKSIONINGe FOR ACTUAL CIMENSIONS ASSIGNE*Oq SEE THE MAIU PROGRAM. PPAMM 86
C CALL PPA1P(YIEL0,MCFNCKSTKFINCMMOD.VP100,A4PALAMFACT, PPAMP 4
C I AhPLTO9FHASO).. . .. . - PPAMP as8

C PPAMP 69
c11---- EXTERNAL SUBROU'TINES REOuIRn--- PPAMP 90

c C PAMP 91
*C SOURCE, PHASE (PHASE IS CALLED BY SOURCE).... . PPAMP 92

C PPAMP 93
C ---- ARGUMENT LIST---- -. PPAMO 94
C PPAMP 95
C YIELD R*. NO IND PPAMP 96
C IlOFNO 1s'4 NO INO PPAHP 97
Co KST 1'04 VAR IND PPAM4P
C XFIN 1*4 VAR INP PPAMP 99
C OMMOO R*I. VAR INO ..- .PPAMP 100

C VPMOO R44 VAR I'P0AH#P lot
C AMP R*I. VAP INl' PPAMP 102
C ALAM R*! 110 INP PDAMP jI03
C FACT PR*4 NO Itio . PPAMP 104
C AMPLTO R#4 VAR OUT PPAMP jOS
C PHASO R*4 VAR. OUT PPAMP lob6
C I PPAMP 107
C NO CCHNON STORAGE iS USED PPAMR0 108
c PPAIIP 109
C . .---- INPUTS---- PDAM' 110
C DRAMP lit
C YIELD 2ENE;GY RELEASE OF EXPLOSION IN EQUIVALENr KILOTONS 0 PPAMP 112
C TNT, I KT 2 4.2Elqg ERGS. PpAmp 113
C MOFNO =NUMEEtt OF MOOES FOUND IN PREVIOUS TABULATICN OF PPAMP 114
C ozscesraIC cupvEs, PPAMD 115
C KST(N) ZINOEX OF FIRST TA9ULATEO PoIar IN N-TN MODE. PPAMP 116
C KFIN(N) =INPTX OF LAST TAflULAT=D POINT IN N-TM MODE. IN PPAMP I17
C GENERAL, KFtjltf)zKST(Nq.1)-1, PPAM' its.
C OMMODIN ZAPO;Y STG~r%G ANGUtLAR. FR=IUZNCY ORDINATE OF POIKTs PPA t. P 119
C ON CISPERSION CURVES. THrE N.900E MODE IS STORED FOR PPAM' 120
C N PETWEEN KSTCN4OOE) AND KrrNCNMDDE). POAMP 121
C VPMOO(N) =ARRAY STc~rNG P4ASE VELOCITY OPOINATE OF POINTS ON PPAMP £22
C oispeRsIO C~IPVrS, TH=E N90c Poor- Is STORED FOR PPAM~P t23
C N BETWEEN KST011MODE) AND FI14CNiIODE. PPAMP 124
c AMP(N) ZAI'OLITUDE FACTOR INDEOEMOENT OF YIELD COMPUTED eY PRA1t' 125
C SU9ROUTINE PAvODE CCORESP3NOIlG TO ANGULAR FREQUENCY PPAMO 126
C OPNOO(k) ANC PHASE VqLOCITY VPMOD(N). PPAMP 127
0 ALAN =A SCALING FACTOR CEFENOVJ1T ON HEIGHT OF BURST* EQUAL P-ANP 128
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C TO CUBE RCOT OF (PRESSURE AT GROUND)/(PRESSURE AT PPAMP 129
C ItIRST HEIGHT) TIMES (SOUND SPEED AT GROUNO)/SOUKO PPAPP 130
C . SCES0 AT BUFST HFIGHT). ,PPAMP 131
c FACT vA GENEPAL AMPLIT!JVE FACTOR CEFENOENT ON BURST HEIGHT PPAMP 132
o AND OSSERVEW YnEG$4T. A PP.ECISS DEFINITION IS GIVEN PPAtIP 133
C IN THE LISTING OF SUBROUTINE PANPDE. PPANO 134

CPPAMP 135
C ---- OUTFUTS---- PPAPP 136

C ANPLTOCNI zAPPLITUCE FACTOR REcRESEiITING TOTAL PAGNITUDE OF PPAP.P 138

0....... OF A SINGLE GUIDED MODE AT FRVIUENCY OMMOO(Ni. IT PPAMP 140
C RE0QESEi.TS THE AMPLITUDE OF THE NMOCE-TH MODE IF N I PPAM- 141
C BETWEEN KST(tlt'CO=) AND ICFIIJ(NtiOOEI. INCLUSIVE. THE PPAMP 142
C PPECISS CEFrtJITICN IS GIVEN IN T4E ABSTRACT. PPAMP 143
C PHASOCNI =PHASE LAG AT FPF2IUEKCY OMtIOO(n) FOR NI'OCE-TH MODE W" PDAIP 144
C N IS SETWEEN 9ST(NiICOE) AND KFINflINOOS), INCLUSIVE. PPAMO 145
C THE INTEG4ANo IS UNCERSTOD TO HAVE THE FORM PPAPOP 146
C APPLTG*CCS(OMPOO'(TIME-OISTANCE/VPMiO)4PHASO). PPAMP 147
C . PPAMP 146
C ----PROGRA" FOLLOWS BELOW---- PPAII@ 149
C PPAMO 150
C PPAHO 1st
C DlIMENSION STATEMENTS USING VARIAeLE CIPENsIonINGAM 152

DIMENSION KST(1)FIN ,OMIAOD13,lVPNOo(±),AMOII PPaio 153
uiIVENSION AMPLTOr1),PI4AStD(1) -PPAMP 154
0uYEOC(..33 PPAMD 155

PPAMP 156
ALAMP~I' ALAN PPAMS 157

C -PRAMP 158
C START OF 0O Loop. ri IS HCOE NUMBER PPAMP 159

00 20 ll:1,MOFNO PPANP 160
ICIIKST(II) PPAM0  1.61
K~zKFIN( III..................2*..... PPAMO 162

C *PP*MP 163
00 2C J2KIK2 .----- *PPAMP 164

C COMPUTATION CF SCALEC FREGUENCY 0MERAT PPAMP 165
ONERAT30MOPIOOJ)NALAMP..................~ PPAMP 166

C COMPUTATION CF S'?RT(K) PRIMP 16?
AKAYSO ZA3S(Ott'COfJ3/VPI'OOfJ)) .**PPA2M 168
AICAY 2 SORT(AK(AYSq) PPAMIP 169

C PDAM@ 170
CALL SOURCE(OMEPATVTNAGFTPHSE9rMAG,OPHSPJ PPAMP 3.71
AMFLTO(JI:(Q**42FACTFT.AGAMFJ)AAY/O1NODJI PPAMO 172

20 PHASQ(J)x.75*3.459-FTPHSE PPAM' 173
C Mtl OF 00 LOOP PM 17
C PPAMP 175

RETURN PRIMP 176
END PRAMP 177
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SU13ROUTINE PRATHO PRATHO
C PRATIIO fSU9ROUTINE) S/1/68a LAST CARO IN DECK IS PRATMO 2
C PRATMO 3
C ---- ABSTRACT---- PRATIIO
C . . .PRATNO 5
C TITLE -PRATMO PRATMO
C PROGRAM TO PRINT OUT PARANETECS DEFINING THE VODEL MULTILAYER PRAT"O 7
C ATMOSPHEE A LISTING IS ;RINTED OF LAYER NUMBER., HEIGHT OF PRATHO a
C LAYER BOTTOM* HEIGHT OF LAYER TOO, LAYER THICKNESS, SOUND SPEE PRATMO 9
C ANO OF X 4N0 Y COMPONENTS OF WIND VELOCITY. PRATHO 10
c PRATHO It
C LANGUAGE - FORTRAN IV (360. REFEqENCE MANUAL C28-6515-4) PRATMO 12
C PRATHO 13
C AUTHORS - AeO.PIERCE AND JeFOSEY, M.I.T., AUGUST*1968 PRATMO 14
C SEUNE--PRATMO 15
C --- CL~G EUNE - PRATMO 16

yC PRATMO 17
C SEE THE MlAIN PROGRAM RT 1
C DIMrNSION CI(100),vxi(100),vyI(100),4I(100) PRATMO L9
C COMMON IMAX.CI.VXIVYIHI (THESi MUST BE IN COMMON) PRATMO 20
C CALL PRATMO .*PRATMO 21
C PRATMO 22

C, ---- EXTERNAL SUBROUTINES REQUIRED---- PRATMO 23
CPRATMO 24

CNO EXTERNAL SU9ROUTINES ARE RenUrREc. DRATMO 25

C ~) ---- ARGUMENT LIST---- PIIATMO 26

C PRATMO 28
C COMMON STO9AGE USED PRATMO 29
C COMMON ItAX9CIVXl9VYI#HI PRATMO 30
C * ** PRATMO 31
C IMAX 144 NO INO PRATMO 32
C CI R44 100 INP PRATMO 33

C * 4 c m PRATMO !34
C Vxr R4 100 I'4P .PRAT-40 35
C "I R44 100 IM4P PRATMO 35C *PRAT"qO 37
C ---- INPUTS---- PRATMO 38
C PRATHO 39
C IMAX aNUP!E-R OF LAYERS OF FINITE THrCKIIESS PRATMO 1*0
C C1,1) =SOUNDO SFEErC IN KP/SSC IN I-114 LAYER PRATMO 4
C VXI(I) =X CCMPOtNENT OF WINC VFLCCITY vi I-T6 LAYER (Kt1S0 POATMO 42
C VYI(I) =Y CCMPOKEKT OF WING VELOCITY IN t-rH LAYER CKH/SEC) PPATHO 41

AC HIM =THICKNlESS IN KM OF I-TH LAYER OF FINITE THICKNESS PRATMO 44
C PRATMO 45
C ---- OUTFUTS---- PPITMO 46
C PRATMO for
C THE ONLY ourFUT IS A PRINTCUT PRATMO 44
C - *.PRATMO 494C ---- EXAMPLE---- PRATMO 50
C. PPATHO 51
C MODEL ATMOSPHERE OF 10 LAYERS (TOP OF HEW PAGE) ORATMO 52
C.... (IMAX z 9) PP.ATMO 53
C PRATMO 54
C LAYER Z9 ZY c Cx VXRATMO 55C 10 22.50 INFINITE INFINITE 0.2972 0.0042 PRAYNMi 56
C 9 20.00 22.50 2e5C 0.2958 040093 00AT'1O 57
C a 17.50 20*00 2.50 Co2938 0.0118 PRATMO 58
C* ? . 15.00 17.50 2.50- 0.2931 0.0144 PRATMO 59
C 6 12.50 15,00 2.50 0.2931 0.0L65 PRATMO 60
C 5 10.00 12.50 2.50 0.2951 0.0160 OQATMO 61
C 4 7.50 10.00 2.50 0.3(12 &.0149 PRArMO 62
C .3 - 5008 7.50 .. 2.50 603117 0.0118 PPATHO 63
C 2 2.50 5.00 2.50 O.32!ea 000198 PRATHO 64
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C -. 1 . S - 2.50 2.50 0.3394. 00005? PRATMO 65
c PRATHO 66
C Z6SHEIGH1T OF LAYER SOTTOR IN KM PQAT"O 67
C ZT8HEIGHT OF LAYER TOO IN KM (THE VY COLUMN IS PRATMO 68

C H Sb(IDTa OF LAYER IN KM( NOT SHOWN 9ECAUS PP.ATNO 69

cVXZX CCMP.OF WIND VEt. IN KN/SEC ITDE PER0PRATMO 71

CYZ CO.. OF WIDPR N MSC PINOT)ATMO 73

c .. PRATMO 75
o PP.ATMO 76
C DIMEN~SION ANO COMMON STATEMENTS LOCATING INPUT ORATMO 77

DIMENSION ci(100),vxi(100),vyi(100),'41(100),zrIc0) *RATMO 78
COMMON I1AXCIVXIVYIHI PRATHO 79

o PP.ATMO 80
C LET JET DENOTE THE INDEX OF THE UPPER HALFSPACE .PRATMO a1

JCTIAX.1 PRATMO 62
C .. . . . . . . . P4'AT"O 83

C PRINTING OF HEADING PRATMO n4.
WRITE t6t11) JET PPATMO 85

11 FORMATtiHI,I4X(.15HMOOEL ATMOSPHERE OF9I497H LAYERS//) PRATMO 86
IWRITE (6921) PPATMO 87

21 FORMAT(IN ,2X.5HLAYEfR,7X,2HZU,10X,2HZT,11X,1tI411X,1HC,11X.2HVX, *Q.ATMO 88
IIlOX,2HVY) PRATMO 69

c RATMO 90
IF(IMAX *Eno 0) tnq TO 33 PRATMO- 92.

C PRATMO 92
C ZIMI OENOTES THE tFIGHT OF TOP OF I-TH LAYER OF FINITE THICKNESS P*ATMO 93

ZIM=)4r(1) .PRATMO 94
IFtrMAX *Eno 1) GO TO 31-. - PP.ATMO 95
00 30 I:291MAX PRATHO q6

30 ZI(I)zzI(1I)+HIfI) PRATHO 9?
31 CONT11NUE PRATtIO q8

C -PRATMO 99
C ORINTOUT FOR UPPER HALFSPACE PRATPO 100

XUVzZI(IMAX) . .PRATIIO 101
33 ZF(IMAX .Eq. 0) XUV=O.O PPATI'O 1C2

CxCI(JET) ... PRATHO 103
VXxVXI(JET) ... PRArMO 10 4
VYxVYI (JET) I PRATP~O 1C5

WRITE (6941) JSTvXIJV9C9VX#VY .PRATMO IC6
41 FORlIAT(1 ,I7,F±2.2,4X,8HINFINITE,4X,8HINPIN'ITE,3FIZ.4) PRATMO 107

c PRATMO0 10f
IF(IMAX *E09 01 GO TO 69 . . RATHO 109
IM(MAX oEqo 1) GO TO 52 PRATMO 1Il0

c PRATMO 11I
C TA9ULATION FOR LAYERS 2 THROUGH IMAX PRATtiO 112

00 SO J=ZtIMAX .. . . . . . . PRATHO 113
IwIMAX +2-J PRATMO 114
IL-21-1 PRATMO 115

50 WRITE (6951) IZI(IL),z!It),HI(I),CI(I).VXI(I).FVY?(I) .PRATMO 116
51 FORMAV(IH *17,3F12o2,3FI2.41 . PRATMO 117

c PRAtMO Lis
C TABULATION FOR LAYEP I PRATMO 119

52 121 PRATMO 120
USTED:0.O PP.ATMO 121
WRITE (6#51) IUSTEOZI(),H(I),ci(i),vxiti),vyrri) PDATMO 122

C PRATMO 123
C PRINTOUT OF EXPLANATIONS PRATMO 124

60 WRITE (6v61) PRATMO 1e5
61 FORMATt1H69i5X,31HZ0ZHEIGHT OF LAYER BOTTOM IN KMI iN 915X92e4zT= OPATMO 126

LEIGHT OF LAYER Tcp IN KM/IH ,15X,2314 zwIOTH OF LAYER IN KN/itN , P'RATHO 127
21SX924HC =SOUND SPrED IN~ KM/SrC/1 ,15X,33HVX=X COrD. OF WINr VEL PpArmo 128
3 IN KM/SEC/IN ,i5X,.33mvyzY COMP. OF WINO VEL. IN KMiSEC) PRATMO 129

c. PRATHO 130
RETURN PRATMO 2.31
END PP.ATMO 132
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SU9ROUtINE RRRR(OMEGA.AKitAKYRPF*K) RRRR I
C RRRR (SUBROUTINE) an/6e LAST CARD IN DECK IS RRRR 2
C 'RRRR 3
C ----ASTRACT---- RRRR 4
C RRRR 5
C TITLE -RRPR RRRQ 6

*C THIS SUBROUTINE COtiPUTES A 2-eY-2 TRANSFER MATRIX WHICH CONNEC RRRR I
C SOLUTIONS OF THE RESICUAL EIJUSTIONS AT THEr BOTTCM OF THE UPP-CR RRRR a
C: NALFSFAC! TO SOLUTIChS AT TWE GROUND BY THE RELATIONS RRRR 9
C RRRR 10
C PHII(GROUNO)z RPF(1,1)*PH11(zT(IMAX)).RPP(1,2)'PH12(ZT(IM RRRR 11
o RRRR 12
C PHI2(GROUNOl) RFP(Z,1)PF411(ZTtIMAX))4RPf2,21*PH2fZT(I1 RRRR 13
C .RRRR 14
C WHERE ZT(I~kitt IS THE HSTGHT OF T4E TOP OF THE IMAX LAYER ANO RRRR i
o *CONSECUENTLY THE KEICHT 00 T4E BOTT04 OF THE tJPORq HALFSCACEs ~RRRR 16
C THE FUNTIONS FHI1(Zl AND.9412(Z) SATISFY THE PESIOUAL E'lUATrON RRRR 17
C .RROR 18
C 0tOH11)/QZ x A(1,V,404rl(Zf + A(1,23'0H12(Zl RRRR 19
C RRRR 20
C Of'HI2l/CZ x AtZ,1)*PHI1(Zl + A(2v?$*FHr2(Zl RRRR 21
C RRRR 22
C WHERE THE A11.4) ARE FUNCTICKS OF £LTITUOE BUT CONSTANT IN EAC RP.RR 23
C LAYER. RRRR 24
C RRRR 25
C IF WE LET vw~r) BE The ch MATRIX (COMPUITED 0Y SUBROUTINE PMM) RRRR 26
C FOR THE I-TM LAYER, THE; tiN PATRIX NOTATION) RRRR 27
C RRRR 28

C RROR le
C THE ABOVE FCkPULA IS USZO TO COMOUTS THE RCP(rvJlw RRRR 31

C. THE PAPAMETMS CEFINIKG THE PULTILAVEQ ATPOSPHEaE ARE PRESIUMED POP* 3
C TO BE STOREC IN CCNM.ONs RRQR 34
o RRR: 35
C LANGUAGE7 - FORTRAN IV (3639 qEVER!hCE PAN4UAL CZ-65LI541 RR' :!6
C RRRR 37
C AUTHOR - A.O*PIE-CE9 PI.1T., AUGUSTot9o6 RQRQ 3

*C ROOP 3
C ~~---- CALLING SEQUENCE---- uqp

C RRPR 41
C SEE SU3ROUTINE NpIIFN qRQQ
C CIMCENSrdCl tICC)VXI(3O),VYI(QO)'4(1O)RO 43
C COMMONI ltAX*CIVXI,VYI*HI (THESE MUJST BE STOREC IN COPMON R.*44
C DIMENSION RPO(29?t RRRR 165
C CALL RRqeR(Ou1GAAKXAK9RPOK) RRR? 1.6
C RFq47
C -- EXTERNAL SU9RCUTINES REOUIREO---- RRRR 48
C *.RRR 49
C HHHIAAAA@CAI.SAT ftRPR s0
C RpRol 51
C ---- ARGJPEKT LIST---- RRRR 52.
C . RRR 53
C OMEGA R* NO 140 RRRR 54
C AKE R*4 NO1 INP RRpqs,
C AKY. R94 NO Itip RRRR 56
C RPO R04e 2-SY-2 OuJT RRRR 57
C K I44 NO WiT CALUAYS OUTPUT AS K=01 RRRR 56
C RPRR 59
C C0430"N STO04SE USED RVRR 60

*C COMM04 ItiAX*CigVX1,VYIHI RRRR 61
O RRRR 62

*C IHAX I". NO IND~ RPRR 63
C CI R*4 Ica INP RRRR 64
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C VXI Ica10 IN* RRRQ 65
C YIR* et If tRRQ 66

C "I R* 100 [Hto RRRq 67

C AKX =X CI'.PCHENT OF 4a01?ONTAL wAVE N'JNOER VECTOP IN 1/KM *.RPR 72
C AKY xY COM4PONEN~T Or OI,4A WAVE w4:tVCO NIK RR7
o IMAX xNUH2ee OF LAYrPS OF FINITEr THICKNESS RR 74
C CI(I) =SOUNI SPEEC IN KM/SEC IN 1-TN LAYER RRRR 75
C VXI(I =X CCMFONChT flF WINC VILOCITY IN 1-Tw LAYER (K4/STC) RRRR 76
C VYI(fI XY COMPONENT O)F WINC VELOCITY IN I-T4 LAYER IKM/SEC) RRRR 77
C HIMI 2THICKIIESS IN KM OF I-TN4 LAYER OF FINITE THICKNESS RRP.R 76
C RRQR 79
C ---- OUTPUTS---- RRRP It
C RRRR Al,
C Rpp s2-eY-2 TRANSFER maTrIX WHICH CONNE:CTS SOLUTIONS OF PRRR 82
C THE RESICUAL EOU3TrcNs A~T Tf*'* *1OTTO** OF THE UPOER RPRR 63
C HALFSPACE TO SOLUTIC,'4S AT THE G0OUNO* RRR! 84
C K wOUP10Y P4RApETzjR ALWAYS i~rruRNEO AS 0. RRRR a5
C RR9R 86
C ----.PROGRAM FOLLOWS UELOW---- RRQ't 87
C RRPR as
C RPRR A9

C OIMENSIOAI ANI COMM'CN srATEPENTS LOCATINS PA-AMETERS CECIN1h*G THE MODE R*R* 9
0IMENSION CIc100),VXI 001vYI(IUO)Hrrlool RRRR 9z
COMMON IP"AX#CI.VXIVYI.Hl IRRRR 93

C RRPR 94
OIMENSION EM(29 lArtJTC29,Z)RPP(.) RRRR 95
Ks0 - RRRR 96
AT RRRR 97

C RPP ATTOO Of Ii0AX LAYER IS THE IDENTITY MArRIX* RRRR 98
RPO(It11*0 ItPRQ 99
RP0'(1,2) 20.0 . .RRRR 100

IRPP(291):0.0 RRAR 101
RtPp(22)21.0 - ..- RRRRt 102

CRRRR 103
C START OF 00 L03P RUNNING Tt4RCUGM IMAX LAYERS IN'OESCENOING OFOSR RRRR 104

*00 1.00 JASA:1,t?4AX RRRR 105
IASA=ItIAX.1-JASA RRRR 106

C XASA IS THE INIEX OF THE LAYER CURRENTLY UNDER CONSXCSERATION RPR! 107
C IRRRR 10a
C COMPUTATION CF EM eATRIX FCR rASA LAYER RR 109

C2C1(IASA1 RRRR 110o
VX*VXI(IASAI RRRR III
VYXVYI(IASA) . . . ... RRRR 112

NzHICIASA) RRRR 113
CALL MPPMOEGAAKXAKYCVXVYHEM) .RRRR 114

C RRR 115
C MtLrIPLICATICN OF RFP AT TOP OF IASA LAYER OY EM FOR lISA LAYER RRRR 116

nlo 80 121,2 RRRR L1T

00 80 J2192 RRAR 11a
80 AINT(IJ):EMII,1)4RPP(1,J) *E~tI,2)4 RPP(.,J) RRRR 119

C CURRENT AINT IS PPP AT BOTTCM Ov ZASA LAYER RRRR 120

00 65 1=1,2 .. RRP.R 122
00 65 J2192 RRRR 123

85 RP*(IJ)=AINT(IJ) RER~~tR 124
c RRRR 125

100 CONTINUE .. . . . .. RRRR 126
C ENO OF OUTER 00 L00O RRRR 127
o RRRR 128
C CURRENT RPO IS THAT AT BOTTOP OF FIRS? LAYER ftRRR

RETURN RRRR 130
ENO RRRR 131
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SWIROUTINE RTKItYFFCTXL19XRIESIEtlOIER) RM
C RTM! 2

C RTMI 4

C SUBROUTINE RTI RTIM 5
RTHI 6

C PURCOSE RTI! 7
CTO SOLVE GENERAL N0~4LINEAR EOUATIONS OF THE FORM FCT(X)0C RTI a

C , BY MEANS OF NUELLER-S ITERATION METHOD* RrYNI 9
C RTh! 10
C .... USAGE .RTM! 11
C CALL RTHI (XFvFCT.ELIERI9EPS,!ENO.IER) RTMt 12
C PARAMETER FCT FECLIP.ES AN EXTERNAL STATEMENT# RTM! 13
C RTM! 14
o DESCRIPTICN OF DARAFETEDS RTM! Is
c E - RESULTANT C=t OF EY)UAT.!ON FCT(X)v0. RTMI 16
C F - RESULTANT FUNCTICN VALUE AT ROOT X. RI! 17
o FCT - NAME OF THE EXTERNAL F'JiCTIO14 SUBOROGRAM USED* RTMI is
C -XLI - INPUT VALUE WHICH SFZCIFIES THE INITIAL LEFT eOUNO RTM! 19
C OF THC 9COT X. RTMI 20
C ER! - INPUT VALUE W'NICH SPECIFIES THE INITIAL RIGHT ROUN RTMI 21
C OF THE RcOT x. RTMr 22
C EPS INPUT VALUE WHICH SPECIFIES THE UPPER SOUND OF THE RTI! 23
C ERP.OR OF RESI3LT X. RTMI 24rC. - IENO MaEIPUt NU'I2EF OF ITERATICH STEPS SFEcIFIEO. RTMI 25
C IER F ESULTANT EFROR PARAMETER COOED AS FOLLOWS RTMI 26
C IERx0 - NO ERROR, RYM! 27

20IERxl - NO CONVERGENCE AFTER rEmO ITERATION STEPS RTIII 26
C FOLLOWED BY IElJD SUCCESSIVE STEPS OF PTMI 29
C BISECTION, RTMI 30
C . !RN2 - BASIC ASSUJMPTION FCTCXLL)*FCTCERr? LESS. RTMI 31
C . THAN OR EnUAL To ZERO is nor SATrsF!EO. RTM! 32

CRTM! 33
C RENARKS RTM! 34
C THE PROCEOURE ASSUME-S THAT FUNCTION VALUES Ar ImrrrAL PYMI 35
C qOUNDS ELI ANC X;I HAVE NOT THE SAmc SIGN. IF THIS OASIC P.TMI 36
C ASSUMPTION IS tNCT SATISFICC BY ItIPUT VALUES XLl 4ND XR1. TH P.TMI 37

* C ROCEOURE IS 6YP3SSrEC ANDO GIVES THE ERROR PESSAGE IER2 7
C RTMI 39)
C SUSPOUTINES AKD FUNCTIO?4 SUBROGRAMS REOuIrEo RTMI 40
c THE EXTERNAL FUNCTION SURFROGP.A4 FCTCX) MUST 2E FURNISHED RTNI 41
C 9YT4PE USER. KTM! 42
4 RTI 43
C METHOD RTI! 44
C SOLUTION OF EQUATrON FCT(X)=0 IS 00ONE SY MEANS OF MUE-LLER-S RTIII 45
C ITERATION ME-THCD OF SUCCESSIVE eISECTIONS AN') INVER:SE RTMI 46

* iC PARABOLIC INTEPFOLATIOol, WHIC14 STARTS AT THE INITIAL eCUJNCS RIHI 47
C ELI AND0 XRI. CONVWDGE!:C:E IS 3UADRATIC Ir THE CERIVATIVE OF RTI4I 48
C -FCT(X) AT ;OOT X IS NOT EOUAL TO ZE-1O. aqr ir.:RATION STEP O.rMI 49
C RECUIRES T O EVALUATICKS OF FCT.(X). FOR TEST CtU *SATISFA'.TOR RTI! so
C -. ACCURtACY SEE C9ULAS (394) OF MATHEMATICAL OrESCRIFTION. RTMI 51
C FOR REFER'ENCE, SE:E Go K. KPISTIANSEN, ZERO OF ARUITPAQY RrmI 52
.0 FUNCTION, elT, VCL. 3 (19019. P0*205-MC6 RYMI 53
C RTMI 54

C R'H! 55
C RTMI 56
C RTM! 58

C PREPARE ITERATION RI 51,
IER=0 RTI! 60
XLSEL! RYMI 61
XRzXRI RiM! 62
ESEL RTM! 63
JTOLzX RTMI 64.
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1p11,64RTMX 6?

I CONTINUZ 
RTNI 68

CONV=AeS (F) 
T 6

PuFCT(TOL)/0ONV TI9
RYHI 70

Fxz P.TNX 71.
IO'ZRYNI 72

FSFCTtTOLI/CONV 
RTNI 73

XF(F1291692 R.THI 75.
2FRXF RTNI 75

ZFSEN1.F)4IN(.FQ)25.3,25 RTlE 7
C RYIII7?

C BASIC ASSUPTICN FLFR LESS T!AN 0 IS SATrs~irma ArM! 78

c GN'TETLRANCE OR FUNCTION VALUES* RTM! 89

C TOLF2PSIfAOS(F)*1..)1
0 Q*.*OlE8

C START ITEP4TION LOOP 
.RTME SI4

4 C# 
RTI a6
RTMI 87

c STR SrECIO LOOP ~.RTE aft

* Xz.S*(XL*XRJ ...

7.X 
. TM 90

V:FCT(TOLI ICONV RTNE 91
17(F) 5.16,5 +GM .# l ?6?RTME 92

c ::(IGNL*FSGC.Rl., RMl 934
C NECAG LANO XR INOROER- TO GTTESKSG NFAOF RTMI 95

6 TOL=XL 
AT,1I CI6

XLZXR 
RTME 97
RR~OlETM 98

T0LxFL 
RTIIE 99

FLUtFR 
RTME 100

FRxTOL 
RTlE lot

7 ?OLzF-FL 
RTMlEC

AzVeTOL 
RTIII 103

AZ Ao-A 
RTMI 104

EF(ASA)1.0rE35) 71*719130 
RTYI Los

71 CONTINUE 
RM

QUESTmF'R'(FR-FL) -RTIII 
107

IFAS UST-.Z5 7Z#729130 RYNE 10

72 CONTINUE 
R ~ 0

IF(A-FROW(R-FL))e.9 
RTNZ £10

4I F(I!IENWJ17.17.9 
RI tit

9 XRZX 
PTMZ 1.12

C. 
RTMI 114

C TEST ON SATISFACTORY ACCURACY IN~ 3ISr-CTrON LOOP RTHE L15

TOL2E'3 
RTHE 116

AaABSCXR) -* 
RTNE It?

EF(A1.)tI,10 RTMI 118

10 TOLZTOL*A 
RTlE 119

11 IF(A!3S(XR-XLVTOL)12*12*13 
RTMt 120

12 EF(A.3S(F -FL)-TOLF) 14,14,13 
.Tt 121

13 CONTIN4UE 
RTMI 122

C ENO OF IISECTICN LOOP 
iTME t23

C 
RTIE 124

C NO CONYEr-GENCE AFTER IENC ITERAT:ON STEPS FOLLOWEO eY IENO RT10E 125

C SUCCESSIVE STEFS OF CISECrIOJ CR ST94DILY INCREASING FUNCTION RIME 126

C VALUES AT RIG4T !?OU'DS. ERDOR RE~TURN. REM 1.27

130 CONTINUE 
RttlE
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XERul RINI 129
fmCONV'IF RTI? 130
FRZCONV% FR RINI 131
fLsCON J'bR RINI 132
Oz2.*tXL-V~'4XL*XR) RYINI 133
OABS(0) RTII 134.
If CIA *LT. 1.GE-4) GiO TO 16 RINI 135
IER 1 RINI 136
NRITE(6.7231 IER*X PTI! 13?
NRITE(6,721 FXt.IXRI RINI 138
WRIrC(69725) FR,FLvXF@XL9OA . RTI! 139

14 (~tASCFRA9S(FL))1691615 - RYII 11
15 X2XL RII 142

fuFL . .- . .. RINI 14.3
FLzCONV*FR RINI 144
frRuCONV*FR .RTI 145
FUCONVOF RI! 14.6

16 RETURN......................- - . RINI 11.7
RTMI 148

C COMPUTATION OF ITERATED X-VALUE BY 104WERSE PARABOLIC INTERPOLATIO RINI 14.9
1? AsFR-F RINI ISO

DX:(X-XL).FL.(1.,F*(A-TOL)/(C*tFR-FL)))/TOL . RINI 151
xmzx RTNI 152
FMSF - .. . . . . . .RINI 153

CuxtL-OX RINI 151.
TOLxX RINI 155
FUFCT(TOL)/CONV RrI? 156
!P(F)18*16*18 . - RINI 15?

o 'fTM I58
o TEST 0OK SATISFACTORY ACCURACY IN ITEREricN LccP, RINI 159

11 '?OL3EPS RINI 160
AXABSIX) .,RTMI 161
IF(A-1.)20920,9 RItyI 162

14 TOLTOL*A RYM? 163
20 IF(AfS^X)-TOL)21vZ1,22 RII t64

C RIM! 16
C PREP~ARATION OF 14EXT 21SEr.TION LCCP .RTI? 161

22 IFfSIGN(1.vF)4-STGN(1%,pFL)) 249.2!924 RINI 168
23 Xx~X -. .RINI 169

PR2F RINI 17(1
GO TO 4 RINI 171

24. XLxX RINI 172
FL2F . . . RTMI 173
XRZXM RTM? 174.
f~u~h RIM? 175
CO TO 4. RTMt 176

o END OF ITER~ATION LOOP .RINI M7
C RINI 1V8
C . RINI 179
C ERROR RETURN IN CASE C~F W4RONG INPUT DATA RINI 1S0

25 ZER22 RIM? le1
FLSCONYOFL RINI 162
fRzCON1V* FR .. RINI 183
FSCO.V*F RTMI 184.
IER a:2 RINI 185
WRITE6,721) IER.X RTMI 186
WRITE(6,721.) FtXLZ,XRI . RINI 187
lRITE(E,7ZS) FPvFLtXP*XL*OA RINI 18g

723 FORKAT(IH 94X915HtROUBLE IN RTI3,HE=1*X2x-GS4 RTMX 189
72'. FORMIT(1H 939HzGSi3*ltL9:I9G53 RIM? 190

* 2S FORMATU.H ,3X, F#L*'t5e3t4RXL9GS839ZO2G $ RINI 19.
RETURN RTHII 192
END RINI 193
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FUNCTION SAItX) SAT I
C SAX (FUNCTION) 7/2/S68 LAST CARD'tN OECK 1S SAT 2
C SAT 3
C ~--ABSTRACT-.-. SAX 4
C SAT 5
C TITLE - SAT SAX 6
C PROGRAM TO EVALUATE FUNCTTON SAI(X) FOR GIVEN VARrABLE X. SAT 7
C IF X TS NEGATIVE, SAh(X)=SIN(Y)lY WITH YMSORT(-X). IF X IS SAT a
C POSITIVE* SAI(X):SrNH(Yl/Y WITH Y=SORT(X). THE FUNCTION IS SAT 9
C ALSO REPRESENTAeLE eY THE P06SR SERIES SAT 10
C SAT It

C SAI(X)' 1 + X/f3FACT) + X**2/(SFACT) + X**3/TFACT) + *.. SAX 12
C SAT 13
C LANGUAGE - FORTRA3 IV (360, REFEENCE MANUAL'C211-651-4) SAT 1'
C SAT 15
C AUTHOR - A.OPIERCE, '.I.T., JULYt1968 SAT 16
C SAX IT
C --- CALLING SEOUeNCE---- SAX i8

C SAT 19
C SAI(ANY R*4 ARGUMENT) PAY BE USEC IN ARITHMETIC EXPRESSIONS SAX 20
C SAX 21
C ---- EXTERNAL SOBROUTINES REOUIRCO---- SAX 22
C SAT 23
C NO EXTERNAL SUBROUTINES ARE REnUIREO SAX 24

C SAX 25
C ---- ARGUMENT LIST---- . . SA. 26

C SAT 27

C X R'9 NO INP . . SAX 28
C . SAX R"1 NO OUT SAT 29

C .. .. SAX 30
C NO CCHNON STORAGE IS USEO SAT 31
C . . SAX 32
C -- PROGRAM FOLLOWS eLOW---- SAX 33

C SAx 34
C SAX 35

1 IF( AnS(X) ,GT. I.E-IS I GO TO 9 SAX 36

C SAX 37
C ARSMX) IS SO SMALL THAT SAT IS VIRTUALLY 1.0 SAT 38

SAIxt.0 SAX 39

RETURN ... ....... SAX 40
C SAX 41
C CONTINUING FROM I . . . ... SAX 102

q YxSOqT(ABS(X)l SAX 43

IF(X) 10,10,11 SAT 44
C SAX 4S

C X IS LESS THAN .... 0 SAX 46
10 SA1ZSIN(Y)/Y SAX 47

RETURN SAX 48

C SAX 49
C X IS POSITIVE. SAI SIrH(Y)/Y. SAT so

12 ESEXP(Y) SAX 51
SAI20*5(E-l./E)lY SAX 52

RETURN SAX 53
ENO SAT 54

IL - - -. , .- -- - - - -
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SUBROUTINE SOURCE(OMEGAFTMAGFTPHSEOMAUORHSE) SOURCE I
C SOURCE (SUIROUTltE) 6115/68 SOURCE 2
C SOURCE 3
C SOURCE 4
C ---- ABSTRACT---- -SOURCE S
C SOURCE 6
C TITLE - SOURCE SOURCE I
C EVALUATION CF FOURIER TRANSFORM OF NEAR FZELC ACOUSTIC RESPONS SOURCE 8
C TO EXPLOSIVE SOURCE SOURCE 9
C SOURCE 10
C SOURCE COMPUTES THE FOURIER TRANSFOR4 OF THE NEAR FIELO SOURCE 11
C PRESSURE AT I KM FPO4 A £ KT EXPLOSIO AT SEA LEVEL. TH SOURCE 1Z
C AMBIEKT PRESSURE IS ASSUMED TO BE t.S6 OYNES/Cn*4 Z AND SOURCE 13
C THE TIPE LAPSE FROlP TIME ZERO IS NEGLECTEO.w AN EMOIRICA SOURCE 14
C FORMULA FOR THIS PRESSURE IS SOURCE 15
C SOURCE 16
C f(T) PAS * (I - (TtTAS)) 4 EXPI -T/TAS I *'T ,GT* SOURCE 17
C SOURCE 16
C G , T .LT. 0 SOURCE 19
C SOURCE 20
C WITH FAS 2 (34.45E+3) * (1.61) OYNESICN**Z SOURCE 21
C ANO IAS 2 0.33 SEC o SOURCE 22
C SOURCE 23
C THEREFORE, ITS FOURIER TRANSFORM IS SOURCE 24
C SOURCE 25
C FTIOPEGA)z -I * OMEGA * PAS I (I/TAS - I 4 OMEGA)4*2 SOURCE 26
C SOURCE 27
C WHERE I a (-1)'*0.5 * SOURCE 28
C SOURCE 29
C LANGUAGE - FORTRAN IV (16. REEPEPEKCE MANUAL CZq-6S1S-4) SOURCE z0
C SOURCC 31
C AUTHORS - A*D.PIERCE ANO JPOSEY, H.I.Tt AUGUST,1968 SOURCE 2
C SOURCE 33
C SOURCE 34
C ---- USAGE---- SOURCE 3S
C SOURCE 36
C SUBROUTINE PHASE IS CALLED SOURCE 37
C SOUCE 38
C FORTRAN USAGE SOURCE 39
C SOURCE 40
.C CALL SOURCE(O4EGA,FTMAG*FrPHSE,*OAGGOHSE) SOURCE 41
C SOURCE 42
C INPUTS SOURCE 43
C SOURCE 44
C OPEGA ANGULAR FREOUSNCT (RAOIANS/SEC) SOURCE 45
C R". SOURCE 46
C SOURCE 47
C OUTPUTS SOUJRCE 48
C SOURCE 49
C FTHAG MAGNITUCE OF FT(OMEGA) DEFINED ASOVE IN SUBROUTINE ASSTR SOURCE 50
C R4 ( tOYKES/CM*e2) / (PAC/SEC) ) SOURCE 51
c SOURCE 52
C FTPHSE PHASE OF FT(OMEGA) OEFItEO ABOVE IN SUOROUTINE ABSTRACT SOURCE 53
C R*4 (RADIANS) SOURCE 54
C SOURCE 55
C ONAG DERIVATIVE CF FTMAG WITH RESPECT TO OMEGA ( tOYhES/CH*Z SO'YICE 56
C R*4 / (RAO/SEC)402 I SOURCE 5T
C SOURCE Se
C OPHSE DERIVATIVE OF FTPHSE WITH RESPECT TO OMEGA (RAO I (RAO/ SCURCE 59
C R*4  SEC) ) .. SOUOCE 60

SOURCE 61
C SOURCE 62
C ---- PRCGRAM FOLLOWS eELOW---- SOURCE 63
C SOURCE 64
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c SOURCE 65
C WE ASSUME INVERSE Q OEFE#%OENCE SOURCE 66

PAS 2C3'4E+3/1.0'(1.fi11 SOURCE 67
C PAS IS IN GY1.ES/CH*4? SOURCE 68
C THIS IS THE PEAK OVERPRESSURE AT 1 KM SOURCE 69

TASxG.33 SOURCE 70
C TAS IS THE LENGTH OF THE PCSITIVE CHASE SOURCE 71

0110:1.0/TAS SOURCE 72
0ENON:OMEGA**2,a4OPO*2 SOU!?CE 73
FTMAGxFAS*OMEGA /OENOI SOU~CC 74
O"GPSDN42GOSC-G*2CNM* SOURCE 75
CALL PHASE(OMO*c"'EGAvX*F4!) SOUPCE 76

C PHI IS THE ARCTAK OF OPEGAIOMO SOURCE 77
FTPHSEz-3*4.592 7/Z.0#2.O*0HI SOURCE 78
OPHSEz2 * OMOlOE OM SOURCE 79

C THE O-eRIVATIve oF THE ARCTAN Is i./c1.+Y#'2i SOURCE so
RET"kN SOURCE at
ENO SOURCE 02

'7
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SUBROUTINE SISFCT(N,NRCW.imaerto INMOOE.I

C SUSPCT 4
C ---- ABSTRACT---- SUSPCT 5
C SUSPCT 6
C TITLE -SUSPCT SUSPCT 7
C EVALUATION CF SUSFICICN INDEX OF ELEM'ENT IN.99 OIF f99*TRIX INZ4GU SlUSFCT a
C SUsPC1. 9
C SUSPCT EVALUATES THE suspTCIoN t94vx, rs'Js. OF THE ELE4E SUSFCT 10
C IN POW N, COLUMN 4W OF TVE MATRIX I9moue c tN.ml "U1ST BE SUSPCT I1I
C AN INTEV1OR ELMENT). THE NEIGNAO'4S OF lNvMl ARE OEerNE' SUSPCT 12
o -TO BE TIPE EiGHT ELEMtENTS NIC14 FORM T'4E THREE eY TRPSE S9ISFCT 13
C ELEMENT SfnUARE 1%41CH HAS (NtM) AT iTS CEflTER. THEY ARE' SUSPCT 14
o NU-48EPEO FR~O" ONE TO NrucE REGINNrNG It: THE~ UPPEO LEFT AN SUSPCT Is
C PROCEsOnr CLCCKWISS (NO. 1 AND NO. '4 APE SAHE ELEMEur). SIJSFCT 16
C EACH ELEMLNV OF MATRIX INMOOr MUST "AVE ONE OF THREE SUSFCT 17

C VLUEt -, 1 OR5, NM !SNOT susprcrous ANC !SSISUSPCT I
C c IF ANY ONE CF THE FOLLOWING CONDITIONS HOLDS*. SlJSFCT 19
C SUSPCT 20
C 1.ELEMENT ft*,M) 3-5 SUSFCT 21
C 2. ANY CF ITS NEc.HgORs 3 5 SUSPCT* 22
C 3. NOWHErE INI THE 3X3 AR~RAY OF (fl.93 £40 ITS NEIGH SUSOCT 23
C SORS CCES THERE APPEAR TO a-= A oIspsasroN CiURVE SllSFCT 24
C WITH POSITIVE SLOPE SUSPCT 25
C SlJSPCT 26
C OTHERISE isus IS SET EVIJAL TO THE NUMflER OF THE !VADRAN SUSPCT 27
C IN WHICH THE PosrTYVE SLOPE APPEARS. TH1E CLAORANTS ARE SUSPCT 20
C N'JMeePEC BEGINNING. IN THE UPPER LEFT ANC PRCCEOING CLOCKC SUSFCT 29
C WISce SUISPCT 30
C SUSFCT 31
C LANGUAGE - FORTRAN IV (360t REFERENCE MANUAL C28-6515-4) SUSPCT 32
o SUSPCT 33
C AUTHORS - AoooprERCE ANO Js0OSEYv M.I.T.. JUNE.1966 SUSPCT 34
C. SUSPCT 35
C *----USAGE---- SUSPCT 36
0'c. SUSFCT 3?
C NO FORTRAN SUBROUTINES ARE CALLED SUSPCT 3
C SUSPCT 39
C FOIT4AN USAGE SUSPCT 40
C CALL SUSFCT(td.I'NROWiKmooE.Isus) SUSFCT 41
C SUSPC1 42
C INFUTS SIJSPC( 43
C SUSPCT 44
C N ROW NUMeER OF ELEMENT UNDER CONSIDERATION (MAY NOT eE SUSPCT 45
C 1*4 'FIRST OR LAST ROW) SIJSPCT 46
C SUSPCT 47
C HCOLUMN NUMeER OF ELEMENT UNDER CONsIOETRAION (MAY NOT BE SUSFCr 48
C 1*4 FIRST OR LAST COLUMIN) .. SUSPCT 493
C SUSFCT 50
C NROW TOTAL NUMBEA CF ROWS IN INMODE.. SUSFCT 51,
C 1*4 SUSPCT 52
C SUSPCT 53
C INMOOE MATRIX UNDER COhsrCERATION STORED IN VECTOR FORM* CCLUMN SUSFCT 54

C 1*4(03 AFTER COLUMN* EACH ELEMENT MUST BE -it 1, OR 5. SUSFCT 55
C SUSFCT 56
C OUTPUTS .-.- .-.- SUSFCT 57
C SUSPCT 58
C ISUS susprcICN INDEX OF ELEMENT (N,Ml. SEE ASSTRACT ABOVE FO SUSPCT 59
C 1#4 DEFINITION. SUSPCT 60
C .*..SUSFCT 61
C SUSFCT 62
C ----EXAMPLES---- . . .- *. SUZFCT 63

C SUSbPCT 64
C CALLING OROGRAM SUSPVT 65
C .SUSOCT 66
C DIMENSION INMOOE(9) 59J5PCY 67
C INMOOE )-1# -19 It. 1. -,19 to It I -1, SUSPCT 68

7- -7 -
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C CALL SUSPCT(2,2t3*I~tCOC9ISUS1 SUSPCT 69
C WRITE 16,200)aiS 

SIJPCu7

C 200 FORMAT (10H EXA#1cLE 196Xt 6"ISUS .zSUSPCT 71

C INNOODS t. -19,, It. -I - I. Iv, 1, 1 SUSFCT 72

C CALL SUSFCT(2-2-!vINPOCE9ISUS) SUSFCT 73

C 30WRITE (643001 6ISISU SUSPCT 75.
C30FORMAT (10*4 EXAM1PLE 29EX, PSS * SISPCT. 75

C ENO SUSPCT. 76
C SUSPCT 77
C TAKLES or INMOCE SCT 7

C 
SUSPCT ?q

CEXAMPLIE I EXARFLE 2 SUSPCT 80
C SUSPCT 81
C -*-+StJSPCT 82
C -- UPT 83
C 

SLJSPCT 8
CSUSPCT 85

*C SUSPCT 8s

C EPRIN E2TOUST 
SUSPCT 89

C 
SUSPCT 87

C 
SUSPCT go
SUSPCT 92

C -..--- PROGRAM4 FOLLOWS BELOW--SSCT 9

C 
SIJSFCT 94

C 
SUSOCT 95

C VARIABLE OtMSNSIONING OF 1hroot ,o~ SO'mO

DIMENSION IPP(9h1,4MOCE_(1) 
SUSPCT 97

C 
SIJSPCT 94

C ELEMENT (N*tI) OF zNmooE IS ICEN SUSPCT 99

J162(M-11)NROW+N SUSP~.T 100

ICENzINMOOE(JIG) SUSPCT 101

* IsUSS a SUSPCr 102

C 
SUSPCT 103

C'IF ICEN IS S. IT IS NOT SUSPICIOUS AND ISUS 0.o SIJSPCT 104

IF(ICSK .EQ. S1 RETURN SUSPCT 105

C 
SUSFCT 106

C IPP(N) IS NE-IG43OR No. N (SEE ABSTRACT AaOVE FOR NUIeERING SCHEMiE) SUjSrCT 107

j17:(4-iZVNROW+ (h-9_ s9Spcr 208

IPP(j1) IM03E(J17) SUSPCT 2109

41920( 1I0w+ (K-il SkispCT 1.10

XPP(2) =INM30E (J183 SUiSPOT lit

j19x(M-0)*R0W+fKN-I1 SUSPcT 11.2

IPP(3) 2IkmOOE(JI9) 
SUSPCr 113

J202(N-0) ',iqOw. 4-0) SUSFCT 114

IPPf4) 11t1005(J20) 
SUSPCT 12.5

j2t2Ut0)*RO~w+ (N.1 SUSPCT 1.16

IPp(51=IhM0OE (JZI) SUSPCT It?

J2zs(l1-I1fNROW* (K+I2) 
SUSPCT 11a

IPP(6) :INM00E (JZ2) SUSPCT ilq'

J23z(M-21"4ROW$ (K+2) SUSPCT 120

1P*(7) :~nmOOE(J23) SUSPCT 121

J24z(M-2).NROW+ P40) SUSPOT 122

IPP(8$=IHMOOE(J24) 
SUSPCT 2.23

IPP(g)z IPP(II S1JSPCT 124

NX a 
SIJSPCT 125

00 10 11,0 suspcr 126

IFfIPP(I) .EQ* 5) NX=NX42 SUSPCT 127

to0 cOtIrINUE 
SUSPCr 128

C NX IS THE NUP6ER OF KEIGHeCRS WHICH EQUAL +5 SUSOCT 129

C 
SUSPCT 130

C IF MORE THAN ONE NEIGHBOR IS EOUAL TO +St THEN ISUS=1 SUSPCT 131

IF (NX *GT* 1) PETUPN SIJSPCT 132

. . .. . . .. ./
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c S'isOcr 133
C IF NEIG'480R 3 V, THE ONLY CNrE EQUAL TO 4,5 ANO ErT'4ER NEIGI400P 0 i SIJSFCT 134
C NEIGHBOR S. DOES NOT AGREE $bITH ICrNv THEN ISUS2Z SUS@CT 135

::IISUM aIABS( ICEN + IPMM2 + icP(4)) SUSPCT 136
IF (100f3).EO*S .AflO. ISUM.NE031 ISUs2Z SUSPCT 137
IF INX.GT%0) RETURN SUSPCr 138

30 00 50 1=1,9 SUSFCT 139
SO IPvf(l~tIA!StIPPfI)fpIC=Md/2 SUSPCT 140

C IP(I) IS 1 IF NEIG*1BO I A;3;EeS WITH ICCN, IT Is a IF tHEY DISAGPEE SIISPCT 141.
C (TO REACH THIS POINT, NEITHER ICEN NOR ANY OF ITS' NEIGHGOS COULC BE SUSPCT 14?2
C SUSPCT 143

ISUS = 1 SUSPCT 144.
IFt IPP(1 *EQ* 0 .AK09 IPPM2 .EQ9 I *ANOO Ipples *EO 1) SUSPCT 145

I RETURN SUSFCT 146
MF IPO(8) *EQ* I sAN~o. IPPZ) O. 03 RETUJRN Susvct 147
ISUS 22 SUSPCT 1"68
MF tOP(21 .EO. 0 *AND. IPP) *EQ, 1) RETURN -susoCr 149
IF( IPOM3 *EQ. I sANO. IPOM4 *EQ* 03 RETURN SUSPCT 150
ISUS a 3 SIJSPCT 151
IFf 100M5 ECQ. 0 *AND* 1Pt') dEO. I .ND. rvPfE) *Eq. 1) SUSPCT 152
I RETURN S!JSP-CT 153
2Ft 190f'4) oEO. 0 .ANO. IP0 16) F'Q. 0) REITURN StlSPCT 154
ZSIJS x4 SUSOCT 155
M2Ff20(6) .E:o. 0 -AND. IPP7 D. 1) RETURN SIISPCT 156
MF XPOM? *EQ. I *AkOe IPPM~ .EQ. 3) RETURN SUSPCT 157
ISUS a0 SUSOCT I5O
P.ETURN S(JSPCT 159
IENO SUSPCT 160
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SUBROUTINE TOLEOMIo9CP2Vl9V2NC,~NVPvrtHEr?,VoINICOcNOPT) TABLE I
C TABLE (SUBROUTINEP ?/19/4 LAST CARtl IN OECK IS TABLE 2
C TABLE 3
C TABLE 5

C ---- AeSTRACT TABLE 5
A C TABLE 6

C TITLE - TABLE TABLE 7
C GENERATION CF SUSPICIONLESS TABLE OF NORMAL fO0X CISPEPSION TACLE 8
C FUNCTION SIGNF TABLE 9
C TABLE 10
C TABLE CALLS SUeROUTINE HPOUT TO CONSTRUCT THE PATRIX OF TABLE £1
C NORrAL MOOE OISPERSION FUNCTION SIGNS INMOCT (STOREC IN TABLE £2
C VECTOR FORM COLL'4 AFTEQ COLUMN) FOR REGION IN FPEOUENCY TABLE 13
C PHASE VELOCITY CLAKE (COP.LE.OHGA.LE.OP2.ANO.V1.LE.VPtL TABLE 14
C V2), SURROUTINE SUSPCT IS CALLED TO EVALUATE THE SIISPI TAELZ 15
C CION INCEX ,ISUS, OF EACH INTERtOi ELEMENT IN THE MATRIX TABLE 16
C . SCANNING FPOM LEFT TO RIGHT, TOP TO 9OTTOM. IF ISUS *NZ. TABLE 17
C 0 * IN"COE IS ALTERED AS FOLLOWS. TAeLE £8
C ISUSZI ROW AOCED AeOVE SuSPICIOUS ELEMENT AND COLUM TABLE £9
C ACOEB TO ITS LEFT TABLE 20
C ..... 82 COLUN AOOEC TO RIGHT OF SUSPICIOUS ELEMENT TAILE 21.
o AD -ROW AOCED AlOVE IT TAqLE 22
C .3 RON AOOaE erLOW SUSPICIOUS ELEMENT AND COLUN TABLE 23
C ACCOED TO ITS RIrHT TAnLE 24

,C s4 COLUMN AOCEC TO L'Fr OF SUSPICIOUS ELEMENT TABLE 25
C AKC COW ACCEO 9rLOW IT TABLE 26

'.C HOWEVER, NEITHE; THE NUaER OF AOWS NVP NOR THE NUMBER 0 TABLE 27
C COLUMNS NON WILL BE INCOEASED SEYOND I00. IF ISUS CALLS TAeLE 28
c _.... . FOR AN ADOITICNAL ROW WHEN NVP = 100 9 THE MESSAGE TABLE 29
C (NVP 2 10O N X XX H = XX) WILL BE FRZITED. TABLE 30
C . . N IS ROW NO. CF SUSFICICUS ELLMENT, ;1 IS COLUMN NO. IF TABLE 31
C ISUS CALLS FCR ADOITION OF A COLUMN WHEN NOM = 100s THE TA9LE 32
C MESSAGE (NOM 2 100 N = XX M = XX) IS PPINT TABLE 33

WHEN INPOOE HAS BEEN EXPANDED SCANNING IS RESUMED AT THE TALE 34
C ELEMENT IN Nck MATRIX WIT4 SAME POW ANO COLUMN NOS. AS TARLE 35
C THOSE OF SUSPICIOUS ELEMENT Itl OLD MATRIX. IF HOOT IS TABLE 36

A. ....... POSITIVE INMCCE WILL BE PRINTED AS IT IS RETURNED FROM TABLE 37
C MPOUT AND IN ITS FIKAL FORM. TABLE 38
C TABLE 39
C LANGUAGE - FORTRAN IV (3609 REFERENCE 1AWUAL - C28-6515-41 TALE 40
C TABLE 41
C AUTHOR - J*WPOSEY, H,.IT., JUNE1968 TABLE 42
C TABLE 43
C TAeLE 44
C --...USAGE---- TAeLE 4S
C TABLE 46
C SUBROUTINES MPOUTSUSFCT.LNGTHNWIOENNMOFN ARE CALLEO IN TAELE, TABLE 47
C TABLE 48
C FORTRAN USAGE TABLE 49
C CALL TARLE(OllOM2VlV2NCHNVP*THETKOM, VINMODENOPT) TABLE 50
C TABLE 5£
C INFUTS TAeLE 52
C TABLE 53
C OHL MINIMUM VALUE OF FREJUEKCY TO BE CONSIDERED. TABLE 54
C .. TABLE 55

C 0m2 MAXIMUM VALUE CF FREOUENY TO 3E CONSIDERED TABLE 56
C R'4 TABLE 57
C Vi MINIMUM VALUE CF CHASE VELOCITY TO BE CONSIDERED TABLE se
C R4 TAELE 59
C V2 MAXIMUM VALUE CF PHASE VELOCITY TO BE CONSICEREG TABLE 60

I/
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C R*4 TABLE 61
C NOM INITIAL NO. OF aREOUCNCIES TO BE CONSIOEREU TABLF 62
C 1*4 TABLE 63
C NVP INITIAL NO. OF PHASE VELOCITIES TO 9v- CONSIOEREO TABLE 64
c 104 TABLE 65
C THETK PHASE VELOCITY DIRECTION !RAOIANS) TABLE 66
c R4 TABLE 67
C NOPT PRINT OUT OFTICN. IF NOPT = eiv NO PRINT. IF NOPT = 1. TAOLS 68
C 144 INMOOE IS FRINTEO IN ITS INITIAL FORM (GENERATEG 9Y. MPOU TABLE 69
C AND IN ITS FINAL FORM. TABLT 70
c TABLE 71
C OUTPUTS TABLE 72
C TABLE 73
C NO" TOTAL hCe OF FREQUENCIES CONSIDERED TAOLE 74
C 1*4 TAeLE 75
C NVP TOTAL NC. OF PHASE vELOCITIES CONSrOEREC TAPLE 76
C 164 TABLE 77
C ON VECTOR WHOSE ELEHENTS ACE THE VALUES OF ANGULAR FREQUENC TARLE 78
C R'4(O) CORRESPCNOIt.G rG THE COLUMNS OF THE INPOOE IIATRIX TASLE 79
C TABLE fC
C V VECTOR WHOSE ELIMEPTS ART THE VALUES OF PHASE VELOCITY TABLE 81
C R*4 (OI CORRESPONOIhG TO THI ROWS OF THE ZNmOOE mATRiX TAPLE 82
C TABLE 83
C INMOOE EACH ELEMENT CF THIS VA'RIX CORRSSFONOS TO A POINT IN TH TAeLE 84
C 144(0) FRECUENCY (CM) - PHASE VELOCITY fV) PLANE. IF THE NnRtIA TABLE 85
C MODE CISPERSICK FUNCTIOh (F-P) IS oOSITIV5 AT THAT POINT TABLE 86
C THE ELEtEnT IS *it IF FPO IS NEGATIVZ. THE ELEP£tr IS -1 TABLE it
C IF FPP COES NOT EXIST, THE ELEMENT IS 5. INHOCE HAS NVP TABLE 88
C ROWS ANG NOM CCLUINS. 1ATRIX IS STORED AS A VECTOR* TA3LE 89
C COLUMN AFTER COLUMN. TABLE 90
c TABLE 91
C TABLE 92
C ---- EXAMPL---- TABLE 93
C TABLE 94
C LET INMODS "L ,5,1,-1,-±,-1,1.1l-,lt,11,1, TABLE 95
C WITH NOM: NVP a 4 TABLE 96
C AND OH 1,0,1.5,2.0,2.5 TH94TK 2 3.±4159 TABLE 97
C V 2 1.0,2.0,3.0,4.0 TABLE 93
C (VALUES NOT CORRECT, FOR ILLUSTRATION ONLY) TABLE 99
C TAOLE IC
C THEN THE TABLE WILL PE PRINTED AS FOLLOWS. TABLE lCi
C TABLE 102
C VPHASE NORPAL MOOE GISFESION FUNCTION SIGN TABLE 103
C 1.00000 -+++ TABLE 104

C 2.00000 X-++ TABLE Los
C 3.00600 x--+ TABLE 106
C 4000600 X--+ TABLE IC7
C TAM lea

OMEGA 1234 TABLE 109
C PHASE VELOCITY CIRECTION IS 90*000DEGREES TABLE t10
C TABLE 110
C OMEGA z TABLE 112
C .. 0.10000E 011 0.2000[ 01 -0.25000E 01 TABLE 113
c TABLE 113
c TABLE 115
c ---- PROGRA FOLLOWS SELOW---- TABLE 116
C ........ .. .... .......... TABE 117
C TALE 118
. TABLE 119

DIMENSION O(100),V(100),INPO'E(10000),OO9RN(100),KORN(100) TABLE 120
COMMON IMAXtCI(1'0)tVXI(100)tVYItIXO)tMI(i00) TABLE 121

C .... TABLE 122

C MPOUT IS CALLE5 TO FqODUCE INMCOE MATRIX AND ON AND V VECTORS. TABLE 123
CALL M0 OUT(OM1,O12tVltVZNCMtNVOINMOOEOHVTHETK) TABLE 124

7 _
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C TABLE 12S
C IFLAG i I NDICATES FIRST TIPE T4ROUGH WRITE PROCEDUPE TABLE 126

IFLAG a I TABLE 127
C TABLE 128
C INMOOE IS PRINTEO IF NOPT IS PCSITIVE TABLE 129

IF (NOPToGE.0) GC TO 123 TABLE 130
S IFLAG a 0 TABLE 131

NOPER:0 TABLE 132
C NOPER IS THE NtIM8EP OF EXPANSION OFE3ATIONS PERFORMED IN ThE PRESENT TAPLE 133
C SCAN OF THE PATRIX. THUS, hODS. IS THE NUMBER OF SUSPICIOUS POINTS TABLE 34
C FOUNO IN THE P.SESENT SCAN* TABLE 135
C TABLE 136
C BEGIN SCANNING OF INTERIOR ELEMENTS CF INKOQEIN tPPER LEFT CORNER TAOLF 137

N 2 2 TABLS £38
" s 2 TABLE 139

10 CALL SUSPCT(NMNVPINNOOEISUSI TABLE 140
C TABLE 14£
C POINT (Nm) IS SUSPICIOUS IF ISUS.NE.0 TAsLE 142

IFtISUS.ke.0) GO TO 60 TABLE 143
C TABLE 144
C CHECK FOR EKC OF ROW TABLE 145

20 IF (e.Lt.(NOM-i)) GO TO 30 TABLE 146
C TABLE 147
C CHECK FOR LAST ROW TABLE ik8

IF (4,LT,(NVP-l)) GO TO 40 TABLE 149.
GO TO 121 TARLE 150

C TABLE £51
C MOVE ONE COLUMN TO RIGHT TAL! 152

30 N s1 TABLE 153
GO TO 10 TABLE £54

o TABLE 155
C ADVANCE ONE POW AND START AT COLUMN TWO TABLE 156

S0. N 2 N$1 TABLE l57
H 2 2 TABLE £58
GO TO 10 TABLE 159

C TABLE 160
C CHECK FOR MAXIMUM VALUE OF NVP TABLE i6£

60 IF(NV9*LT.l00) GO TO 62 TABLE 162
61 FORMAT (24H NVP 100 N sx338H M sqZ3) TABLE t63

WRITE (6,61l N.M TABLE 164
GO To 20 TABLE 165

62 IFINOM %LT. .10) GO TO 70 TABLE 166
63 FOR"MT(24H4*O2: 100 NS913, 6H ."2,13) TABLE 167
64 WRZTE(6,631 NvM TABLE 168

GO to 20 TABLE 169
70 IFSUS .NE. 1) GO TO 75 TABLE 170

C TABLE 171
C ADO ROW AeOVE SUSPICIOUS FCINT TABLE 172

NI3N-L TABLE 073
C TABLE 174
C ADO A COLUMN TO LEFT OF SUSPICIOUS POINT TABLE 175

H£3#-1 TABLE 176
so TO 100 TABLE 177

TS IF(ISUS .NE* 21 GO TO 80 TABLE 178
C TABLE 179
C AD0 A COLUMN TO RIGHT OF SUSPICIOUS POINT TABLE 180

"Lam TABLE 1t
C TABLE 1B2
C AO ROW ABOVE SUSPICiOUS FOINT TABLE 183

NtzN-1 TABLE 1114
GO TO 100 TABLE 135

60 IFt SUS NEe 31 GO TO 85 TABLE 186
C TABLE 187
C AOO A COLUMN TO RIGHT OF SusPICrOUS POINT TABLE 186

NL
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HisN TABLE 169
c TABLE 190
C. A0D ROW BELOW SUSPICIOUS POINT TABLE lq

NIXN TABLE lq2
GO TO 100 TABLE q3

c TABLE 1%

C ADO ROW BELOW SUSPICIOUS PCINT TABLE 195
6s NIUN TABLE 196

C TABLE 197
C A0 A COLUMN TO LEFT OF SUSPICIOUS POINT TABLE 190

NIZN-1 TABLE 199
100"CONTINUE TABLE 200

CALL LNGTNtI(O1tVINMOO£,NO4NVPtNVPPN1,L.T9EK' TAPLE 201
CALL WIOEN(OPtV,ItJMOE,NONNOmPdkVPPKILr.THETK) TABLE 202
NVPzNV*P TAeLE 203
NOMzNOMP TABLE 204
NOPER:NOPER l TABLE 205
GO TO 10 TABLE 206

121 CONTINUE TABLE 20?
IF(NOVSR *GT. 0 .ANO. NVO *LT* 100 *ANO& 1O vLTw. 100) GO TO 5 TABLE 208

C TABLE 209

C 00 NOT PRINT I4MODE IF NOPT IS NEGAiiVE TABLE 210
IF(NOPT *LT* C) RETURN TABLE 211

C TAOLE 212
C LAqELING TABLE 21-.

122 F09MAT (6HLVcHSEt6X.9Z6HORPAL MODE DISPERSION FUNCTION SIGN/) TABLE 214
123 WRITE (6,122) TAFLE 215

00 133 I:lqNVP TABLE 216
00 126 J=lNO TABLE 217
J$$2(J-1)*NVOfI TABLE 218
J69xI4mO0E(J85)*- TABLE 219
IF (J89) 126,12591Z4 TABLE 220

.124 CONTINUE TABLE 221
C TABLE 222
C IF INHOOE x 59 OORN I IHX. TABLE 223

DATA WIN/1K/ TABLE 224
OORN(J) = at TABLE 225
GO TO 127 TABLE 226

12S CONTINUE. TABLE 227
C TABLE 224
C IF INNOOE =, ORN: 1H4 TABLE 229

DATA O2/1H+/ TAPLE 230
OqN(J)' , ."12 TAeLE 231
GO TO t? TABLE 232

126 CONTINUE TABLE 233
C TABLE 234
C IF INHOOE : -19 DORN : IH- TABLE 235

DATA 3/IuH-/ TABLE 236
O0RN(J) 03 TABLE 237

127 CONTINUE TABLE 238
12M CONTINUE ... .. TABLE 239

C TABLE 25.0
C PRINT ROW I OF TABLE TABLE 241

WRITE (6,130)V(I)9(OORK(J)* J219KOM) TABLE 242
130 FORMATM1H ,F8.5,!XlC0A1) . .. TABLE 243
133 CONTINUE TABLE 244

J10 x10 . .TABLE 24S
00 150 Jm1,Nom TAeLE 246

C .TAPLE 247
C NUMBER COLUMNS TABLE 28

150 KORPN(J) = MOO(J,JLO) TABLE 249
WRITE (6,213) (KCRN(J), J:lNOM) TABLE 250

213 FORMAT (6HOOM'StA6X,100I1) TABLE 251
C TABLE 252

L7
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C CONVERT THETK FROM PAGIANS TC CEGREES "ALE 253
X a THETK918/G3.t'159 TABLE 254
WRITE (6,413) X TABLE 255

413 FORMAT (IH ,11X*27HPHASE VELOCITY OIRECTrON rS*F9e3*. TABLE 2s
I SHOOGPEr-S ) TABLE 2S7

WRITE (6,513) TAeLE 258
$1S3 FORMqAT ( GHGOOEGA =)TACLE. 259

C TAeLE 260
C LIST VALUES OF OMEGA WHICH CORRESPOC TO COLUMNS OF TASLE TABLE 261

WRITE (6,613) (OPtI),,I31*tOM) TARLE 262
613 FO HAT ( 14 95E14.5) ... TACLE 263

C TALE 264
C IF SUSPICION ELIMI ATION HAS NOT eEZN P".RFORHEO, eco'Grt4 IT AT THIS TIN TAEL 265

IF(IFLAG.E1.1) GO TO 5 TABLE 266
RETURN TAeLE 267
ENO TAFLE 268

__ v:-tt
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SUBROUTIN~E TADPFRT (YIELC.'IDFNOKSIKFI4,OltOGVPHOU. T40PRT I.
LA"PLTO,PHASQ) TAffPRT 2

C TA8PRI (SU'3ROUTINEI 71311G8 LAST CARD IN DECK IS TISPRT 3

C ---- ABSTRACT---- TARPRT 4.
C TAflPRT 6

AC TITLE -TA8PPY TAQPRT 7
C PROGRAM TO PRINT CUT LISTS OF FRECUENCY. PHASE VELOCITY# TASPRT a
C £HPLITUlEq ANC DHASZ FOR EACH GUIDED MODT EXCITED BY b O'UCLEAR TAOPRT 9
o EXPLOSION4 OF GIVEN YIELD. TI4F SINULTAtlSOUS LISTING OF FqErUEN TASPRT 10
C AND PHASE VELCCITY QEcRESENTS THE DISPERSION CUVVE FOR Th" TARORT .11
C GflO MIOOT* THE C!4ANITIES AMFLTO AND PHASE DEFENO ON SCUR.C% TABPRT 12
C AND OinSzRViP HCliGTS AS WELL AS THE MODEL ATMOSPHERE* MOWEVCR TAOPRT 13
C THE LATTER INFORM~ATION IS NOr LISTED BY TA-31RT ANC IS-PREESUHED TARPRT 14.

TO BoE LISTED BY ANCTI4ER S11P0UTI'E. TH4E SUBROUTINE TA80RT T A rRT I5
C SHOULC NOT BE CALLED UNTIL ALL THE QUANTITIES TO BE LISTED 7A(!PRT L6
C HAVE BEEN CO"PUTEC ANjC STORED IN THE MAC4INEe NORleALLY9 T13PRT IT
C ATMOS. TAeLL, ALLI1C39 PAAPDE* AND PPAtIP WOULD BE CALLED 9EfORE TAIPRT is
C TSRT. TAIIPRT 19
C TASPRY 20
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL CZi-651!-4) TASPRY 21
C AUTHORS - A.O.PIERCE ANC J.POSEY, M.I.T., JULY919368 TABPRt 22
C TAWIPRY 23
C ---- CALLING SEQUIENCE---- TA9PRT 24.
C TA3PR1 25
C DIMENSION KST(1),KFIN(1).ONMCD(1),VPMDD(1.AMLTO()P4ASO(1) TABPRT 26
C THE SUBROUTINE USES VARIA9LEr OIPENSICNIN~e TH4E Tc'JE DIMENSIONS PUST TASPRT 2?
C BE GIVEN IN THE DROr,9AM WHICH DEFINES THE-SE QUANTITIES* SEE THE TADPOT 28

CTADPR' 21

C AJXENL SUROUTNE ARE REQUIRED TABPRT 4.2

N ED O SORGE NOSED TABPRT 36

----I3 *4 NOPUTS----R 3.?

C YIEL 1ENQG YVA L OFE 0 OS1JI EUVLETKLTD4 N TA3PR.T 49
OF TNT. 124 VAR 1 4 .x1)± R TARPRT 39

C OFNO =N*tIVR OFNRA Ce PJ* TAflPRT 51
C KS1(NI R44OE OFR FPTTOLTOPITI -N TAI2PRT 42

C HS R*4~N VIDXO AR T 140 AED~ITINNT M . I TABORT 1*3

C NONT ONMO STORAGEIO IMOE. TlENOE'OG SSO TASPRT 56
C FO LhE4NT(~'E AD~I(~Ot*TABPRT 57
C -P-D-N NPUT ST---- S EOCT RINT Nt/ )C TAflPRT 50

C YIOI ZNTSG YC O IS EXPOIONI t~ES. lE NIOT KNOT0IS STR TAapRT 49
C OF TN T. IKr 4NST(O)* AN) FI(NS. TADORT 60

C ANPLI(N) A1PLETUOF FI3STTCUL POI~NIT IN TOTAL MODNT2E O TAnPRT 51
C FCURI) NE O L~AtSO CF LTE OINT IN NJTC TODTE IAVN TA'BPRT 62

C F"c() XRkMA SINGLEG AGUCEC MOCEtzNc AT F rE1UAn C9CN) 0 TABPRT 63
C PISNTS OKCSOULCsEo CU-YES. T1fENHOE OG IKt(12~S ST TA9ORT 56

- FO 14 KS'-4C)AN FN(POE.TqT 5
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ITREPENT TNT2 AMPLITUDE OF N~tooc-rs MODE IF N IS TA9PRT 65

c MENK;ST(41P.OC;E) A4~0 K.-IN(NMODT!), INCLUSIVE* FOR TABPRT 66
C PRECISE CEFIt4ITION, SEE S11140UT'4E 004M~o* TAaPRT 67
C PHASOMN *PHASE LAG IN RACIAftS AT FREOUENCY O14NCD(NI FOR THE TAePPT 68
c NI!OCE-T14 "ODE WHzh R IS BETWEEN KSTffjfMOOEl AND TABORT F99

CKFIN(NMOGE')* INCLUSrI. THE~ INTEGP.ANO IS I grqSTOCO fAe3FRT 7a
C TO PAVE THE FORM. A~LO# (OPn(TIPE-OISTANCSVP4 TAeORT 7!
c # PHASQ)o FOR A PRECISE OEFINIT.C.' SEE su!)ROUTINS TA9-IRT 72
C ppolP. TABPRT 73
C. *..*. ABPRY 74.
C ----OUTFIJIS---- TA9PRT 75
C TABPRT 76
C PRIN4TOUT* THE ONLY FUNCTICK OF TAeP9T IS TO PRINT OUT RES'JLTS. TABPRT 7?

cTAeORT 78
c ---- EXAPLE---- TAB9RT 79
C TA8DRT 80
C THE OUTPUT FORMA~T IS ILLUS7RATSD BELOW* TABPRT p1

c ODE TABULATION FOR Yx 200.00 KILOTONS TAVIPRT 82

A.-. . . .. .. - TA13PRT 84.
C TAflFRT 835
c .. TABPRT 86
C PODE I TABPP.T 87
C TABG-'T 8n
C O"EGA . VPNSE AMOLTO PHASE ~ '. %307 89
C............. TABPRT 90
c 140100 01-13I26 -7.01342S 20 -3.72139 TABPPT 91
C -. 00200 0.24372 -8.OZSV.E 20 -4.56028 TA'3PRT 92
c 1ABPRT 93
C TABPRT 94
c TABORT 95
C "ODE 2.......... * . .- TA8PRT 96
C TABPRT 97

C.OMErA VPHSE AIIPLTO PHASE TASPRY 98
C TAePRT 99
C . *00100 0.55298 -1.95321E7 I0 -24.t9l TABPRT 100
C 00260 0.4a321 -1.23iO8Z It -2302 TASPRT 101
C............. . . . . - TASPRT 102
C ETC. TASPRT 103
C TABPRT 104
C .---PROGRAh FCLLOWS BELOW---- TARtPRT 105
C -.. TA13PRT 106

C TAI3PT 10?
OVARIABLE DItlENtSIONIMG IS USEDO TADFtr~ 1o8

DIMENSION KST(1).KFltI 1bOHMC0(1),V@ND(1RPLTOzt.mt4AS#.r?) - TAOPPT 109
C TA kiOP.T 110

WRITE (6,11$ YIELD TAF3PRT III
- 1 FORMAT(I 14 .1I4 925X922H400E TABULATIONi FOR~ YPF9Z94 KILCTONS TACORT 112

C TADPPT 113
C STARt OF OUTER 00 LOCP .T0IPRT 114

00 50 II=ItMCFN. TAIPRT 115
c TA9P3.T 116

WRITE (6.21) 11 TAtIORT It?
21. FOlMArc1H /,114 ,4X, S14140E .13/#I. 11v9X.HOEGAvX,5HIVP'4SE,9X, TAOPRT 118

I 6HA4PLre,ASHPHASE/ TAeGRT 119
C : TASPOT 120

K1'KST(Ir) T~PT 12t
K23KFIN( II) TA8PRT 122

C TAePRT 123
C START OF INNER 00 LOOP -TA3PRT 124

00 50 J=KL.K2 TAe'qT 125
C TASPOT 126

SD WRITE (6.51) OPHCO(J).VPMlOO(J),A"PLT0(J),0I4ASI(J) TASPRT 127
51 FORMAT( I 114 ,F4.5,F.451PG153 F145) TAOPRT 128

C ENDOF LOOOS TABORT 129
C TA9PRT 100

RETURN TABPRT 131
ENO TASPRT 132
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SUSROUTINE TMPTCTFIRSTqTZNO#OELTTlROqS, TI4PT I
1HOFNDKS1I(KFIN#C1QlaDVPM;OOAKIS,*HPLTDOHASQ,IOPTI TMPT 2

*C TIIPT ISUOROUTINE1 7/19/65 INPY 3
c TNPT I.
C -TIPT 5
C ---- ASSIRACT---- TmPr 6

C TITLE *T"PT TMPT8
*c CALCULATION AND PLOTTING OF FAR-FIELD TRANSIENT RESPONSE TO A TMPT 9
C PRESSURE SOURCE IN THE ATMOSPHERE .TMPT 10
C rTgPr It
o THE RESFONSE OF MODS N IS FOUNO PY INTEGRATING CAMPLTO TMPT 12
c COSt OP'EGA 4 (T - P./Vc) IcP4AS31 OVER OMEGA FROM' OM9POO TP1'? 13
C (KST(h)) TO CMftCOC FINtP') ANq DIVIDING SY S!IRTCR). VP, TMPT 14
c PHAS2. ANC APFLTO ARE- FUNCTIONS OF BOTH N AND OPEGA. TH TIP? 15

*C TOTAL PSSPONSE IS THE SUN OF TH4E MOnAL RESIPONSES. THE TIP? 16
c RESPONSC IS CALCllLATE0 FOR T14r TFIPST AJD AT INTrERVftLS TMP? 17
c OF OTLTT THER=AcTrR UNTIL TEND IS REACHED. T4Z VALUE OF TMPT 18
C . :. ZOOT CETERMIN S d;AT WILL 3: CALCULATED, PRINTED AND TMPT 19
C PLOTTED. (SEE INCUT LIST FOR POSS19LE lOP? VALUES.0 T'IE TMO? 20
C......RESULTS ARE TA3IJLATSO IN THE PRINTOUT AND GRAPHED BY THE TMPT 21
C CALC04P PLOTTER. VIP? 22
o TMPT 23
C THE CUR9EKT VERSION OF THIS SUBROUTINE DIFFERS FROM THAT TMPT 24
C . . REPORTEC IN AFCRL-70-01'. IN THAT THE RESULTING THECRETI TMPT 25

toCAL PRESSUJRE PERTURSATIONS INCLUDE THE EARTH CUDVATURS TIIPT 26
C - CORRECTION FACTOR, ( RCeS / t RE * SIN(RO3s/qE) ) )"ofs TPT 27
c TMPT 28
C LANGUAGE - FORTRAN IV (360I, REFERENCE MANUAL C24-65iS-4) TMPT 2
C AUTHOR - J.N.POSEY. h.z4 JUNE.1968 IMP? 30
c - MP? 31
c T"PT 32
c - . - ----USAGt---- *..TMP? 33

c TMPT 34
C fORTRAN SUOROUTINE AKI IS CALLCO . TMPT 35
o VIP? 36
C CALCOND PLOTTER SU9ROUTINES FLOTIs AXISl. NUMqR1. SYPOLS, ANC TMPT 37
C SCLGP4 ARE CALLED ro W;ITE THE CALComP TAPE. SUORDUTINE ?JEIFLT TMP? 38
C MUST HAVE *3EEN CALLED PRIOR TO CALLING TMPT, AND ENDPLr PUST ae rmpt 39
C CALLED AFTER RETURNING FROM tMPT. (SEE "1AIR PROGRAM) TMPT 4
C TNPT 41
C FORTPAN USA4GE THPT Q2

pIC CALL TMOT(TFIRST.TENCCELTTOSM7NDPCS,KFINC,Igvvft~Oa.AiPL T MOT 43
o I ,P"ASI.IOPT) . . TMPT
C TMPT 1.s
C INPUTS THAT 46
C TmPr 47
C TFIRST TIME AT WHIICH TABULATrCN ANDO LCTTflG OF RESPONSE IS TO TMPT 48
C R*4 eEGIN (SEC) IMP? 1.9
C TMP? 50
C TEND TIME AT dHICH T43ULATICS AND PLOTTING OF RESFdkSE IS TO THPT 51
C R44 END f.LE.(TFIZST+5400.)l (SEC) TMP? 52
C TMPT 53
c DELr? TIME INTERVAL fezTWEiN SUCCESSIVE CALCULATICNS OF THE TMPT 5'.
C R*4 RESPONSE (.GE.(TEhO-TFIRST)/10OOj1 (SECI THAT 55
C TMPT 56
C ROSS DISTANCE OF THE OeSERVOR FROM T HE SOURCE OF rr4E DISTIIR- THAT 57
C R*4 BANCE (KM) TMPT 58
C TttPT 59
C tIOFNO *'tMOER CF MODES FOUND t.LE.10) THAT 60
C 104 .THAT 61
c TMPT 62
C KST ELEIVENT N OF THIS VECToc IS N'JM'IER OF OMMCD ELEMENT WHIC TMPT 63
C 144(0) IS FIFST FRECUErNCY CONSIDERED FOR MODE N THAT 64.



C TMPT 65
C KPIN ELEMENT N OF THIS VECTOR IS NUMBER OF OMMCO ELEMENT WHIC TMPT 66
c 1#4(01 IS LAST FREQUiNCY CONSICEREO FOR MODE N TNPT 67
c TMPT 68
C OMNOC ELEMENTS OF THIS VECTOR NUMBERED KST(N) THROUGH KFINtNI TMPT 69
C R4401 ARE THE VALUES~ OF FPEOLENCY (IN INCREASINjG ORDER)'FOR THPT 70
C WHICH THE CORRESPONDING MODE N PHASE VELOCITIES HAVE BEE TIIPI 71

C DEERH~ED mPY 720'EERIE TMPT 73
C VPMOO VECTOP OF~ PHASE VELOCITIES WHICH .CORRESrONO TO THE FRE- TMPT 74
C R*4(O) QUENCIES OF VECTOR OM2NCO TNPT 75
c ?HPT 76
.0 A"PLTD VALUES CF AMPLITUO FUNCTION IN 41(1 INTEGPAL (ELEMNFTS THPT 77
o R4440 CORPESP'INO CIRECTLY TO ELEMENTS OF CMMOnl tCYNES/C""2) TMPT 78
C TMPT 79
C PHASO TERM IN ARGUPENT OF COS INi 41( INTEGRAL WHICH IS INCEPEN TNPT 60
c R*4(0) DENT OF T14E ANE DISTANCE (ROSS) TMPT at
C TMPT 62
C topr COMPUTATION ANG POINT DOTION INDICATOR TNPT 3
C - 14 a 192*...,10 CALCULATE. PRINT AND PLOT MODE NO. ICPT ON TMPT 64
c 2 11 CALCULATE. FRINT AND PLOT ALL NODES AS WELL AS THE TNPT 65
C 81 TOTAL RESPONSE TIP? 8&
C A1 CALCU6.ATE ALL MODES, PRINT AND PLCT TOTAL RESPORSE THPT 67
c ONLY TNpT 66
C. I TNP? 89
Q OUTPUTS YelP? 90

CT"PT 91
C THE ONLY OUTPUTS ARE THE PRINTOUTS AND PLOTS CALLED FCR eY TOO?* TMPY 92
C ALL* GRAOHS ARE OPAWN TO THE EA4iE SCALE. THE PR.ESSUR~E SCALE IS TMPT 93
C OMTRMIPEC BY THE MAXIPUP AtPFLITUCE OF T'4E TOTAL PRESSURE, AND THE TMPT 94
C TIME SCALE IS 600 SEC PER INCH* PRESSURE IS EXPRESSED IN OYNEStCM TMPT 95

oTMPT 96

C --- PROGRAM FOLLOWS eELOW-- -- TiIPY 96

c TMOT 900
o . *.T9PT to1

c IESO TIIPT 102
DIENIO KT (ICI *(FIN (10) CM400D10 001 w.VPMOO (.OflC)AMtPLTO (LOCO) TNPT IC3

I PHAS)(10 Ttt1 vTCTINT (1001) TNI~rf IC oG11 e)y Lal) TNpr 104
DIMENSION CKI(100) TMPT L05
DIMENSION AI<ISi1100) TMPV 206

C TNPr 107
C VAX IS VECTOO OF LITERAL CChSTANTS. ELEMENT rs S tHe~ilGlff SPACE L*9 TN0T IC
C FOR THE PRESSURE AXIS ON TNT. GRAPH OF THE MQOE N RESPONSE& TP'oT 109

OOUSLE 00ECISIOn YAX(10) TMPT 110
DATA YAXK/SN MODE I .8N reocD a *SM MODE 3 .814 M4ODE 4 94H MODE 5 9 TMPT III

I 614 MODE 6 *AH "OE ? ,8N MODE e ,84 NOGE 9 98H KCOE 10/ THOT 112
IMIOPT *NE* IL) GO TO La TMPT 2.13
WRITE (6,2) TI4PT 114

2 FORMAT (iIl 40X,23HTACLLATION OF RESPONSES//) TMPT 115
WRITE (6031 T"PT 116

3 FORMAT (IN 9209,LHTItFE12X,5TOTAL,11X,6HMOE 191QX96HMOODE 2,10K, TMPT 117
I 6HMOOS 391OX,6HMOOE '.10XvrHM~rE 5/) TNPT 118

4>4 IF(IOPT.rEO.12) WPITE(697531 TNPT 119
75.3 FORMAT (1HI,45X94OHTA9LLATIoN OF ACOUSTIC POESSURE RESPOkST//H TMPT 120

I 44xtIGHYIME (SEC),9X,15Hp (fYNrES/CM'-2)//) TMPT 121

C SNUHRER OF TIMES AT WHICH RESPONSE IS TO BE CALCULATED TM~T 123

L x (TENC -TFIRST) / OELTY + I TNPT 124I;LaNINO (L, 999) THPT 125
cTMP~T 126

C SIZE IS THE LENGTH OF THE TIPE AXIS IN 1ICHES TN~t 127
SIZ x15 TEND -TFIRST I600.0 TIPY 122
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C PRESET ALL RES:ONSE VALUES TO'. 0.0 13

00 1 "21910 TM'T 133
I TNINT(NK) T 0.0 iNPY 134.

C TMPT 135
C SET UP TADLE OF TIPES BEGItNING AT TFIRST ANO TAKING VALUES OF TINE A TNPT 136
O INTERVALS OF OSrLYT UNTIL TEND IS REACHED TNPT 137

4 00 10 IT219L TMPT 138
lOTI)2 TFIRST + (IT-1)*DELTT -. TOIPT 139

*c TMPT 1160
C BEGIN SET U0. TO CALCULATE PODS- I RESPONSE TMPT 141

N 8 TNPT 14.2
IFc OTL.OO.Y lF THPT 143

C I P*S*OCALCULATE ON"ODE ZOTRESPONSE TNPf 144
IF (IO6T*LE.10) '4 2001 - TMPT 145

11 NOST a 'CST(N) * I TIPT 146
NOWN 3 I(FIN(N)- - TNPT 14?

C imTpT 11.6
C OETERM"INE T4E EARTH CURVATURE CORRECTION FACTOR TIMES ROS**(-0.51. TMPT 11.9

RAO a ROSS / 6374. T"PT 150
* CF a (1./(63?4.*ABS(SIh(RAD)))4*.5 .* IPI 151

C TMPY 152
C THE PODE N RESPONSE IS FOUNC FOR ALL VALUES Of T BEFORE NEXT MODE IS THpr 1M

C CONSIDERED *. TNPT 15'.

00 51. lTx1.L................- -- TuFT 155
C SET A*,HZ EOUAL TO VALUES FOR AI9PHl IN FIRST INTEGFATION INTERVAL T'IPr 15?

.J26 8 KST(N) TMPT 1M

A2 8 A2*EXP(-A'(IS(J263*RO9S) TMPT 160
NHWR X RAO/3el1!92bf3S INPT 16t
*Pu4ASQ(J26) x PI4ASq02Jop * NHWR*(3.14159Z6535/260) TNPT 162
SZ3OMlIOD(j26)/VPPOO(J2c)-PHASI(J?6)/RaISS . . T"PT 163
SLOHUT(IT)lROIS TMPT 164.
0OOLExSLOW-1.0/VPMOO(J26) T"PJ 165
P"22RO9S'(0KMCOtJ26)*OrCCLE"H0AStC(JZ6)/RO3S) TNPt 166
PHASQ(J26) x PHASQCJ26) - NHW*(314159Z653fn?.dl THPT 167
CTRIG22COS (PHZ) TuFT 1.63
STRIGZxSrN(Pi42) TNPT 169

C TNPT 170
C THE INTCGqAL'OF WAPLTO 4 COCOI'EGA 4 tT - RoSSIVO * PRASY11) OVER TH TMPT 171
C INTERVAL FROM CMMOQ(KST(h)) TO 04IO~tKFIN(M4)l is lroun.O e SUNNING THE TNPT 2.72
C INTEGRALS FRCM 3NM1CD(tlOM-j) TO OIrnaD(NOM) FOR NOIT FRC49 KSTtN)*1 To TNPT 173
C KFIN(N& TMPT 17'.

00 50 NOP x NOSTNOFN . IPT 115
Al 8,A2 TNPT 176
PHI1a P?42 ,* -. .. .. :aTMPT III

CTRIGtxC TR102 *TMPT 178
STRIGIzS fRIG2 THPT 179
SlaS2 TMPT 180
A2 3 APPLTO(tlO?')EXP(-AKISfNOlI*RO8S) TNPV 181,
HHWR 2 RAO/3.14tS926535 TMPT 182
PHAS0(PKOP) a PHASOChOP~) + N4R*(7.1415926535/2.0) T"PT 18
SV'ONMCC(NO9)/VOO'0(tOl-PHAS(KCM)/RO3S TNPT 184
0I0OLE=SLOW-1.',/VPMOC(.OM) . . .TMPT 185
PI42xROqS.(o9.40r) (1O)"CICCLE4PHASr(NOP)/RORSI TtIPT 186
PHASI(NOP) =PHASO(NCM) -NHwR(3.1415926535/Z.00 TMPT 187
ONEGI1apl~Ol) (MONM-i) TNPT 1SO
0MEGZZOuP'2(Noml TNPT 189
DELP xFOS( SLCW OMEG -OSG I C S2 S1) TMPT 190
CALL AKI(0Gl.cEG2A,A2CTPG,STIG1CTRIG2STi1G29 TNPT 191*

I OELDHAKIINTl TIIPT 192
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5O TNINT(INIT) x THINT(hIT) 4AIINT THPT 19i
c TNPT 194
C PRESSURE-IS EQUAL TO CF 4 f VALUE OF OMEGA INTEGRAL ITNPT 195

51 TNINT(N.-IT) CF * TNII.T(NvIT) TIPT 196
C TMPr 197
C IF IOPT*LE*IC ALL T"AT IS REflUESTEO IS THE NODE TOPT RESPONSE, WHICH TMPT 193
C "AS JUST BEEN CALCULATED TMPT 195

IF (IOPT.LE.10) GO TO 101 THPT 200
o . .-. T"PT 201
C INCREASE HOOF NUMBER BY ONE .TNPT 202

N aN + TNPT 203
c T"P1 201.
C If N 1U GREATER~ THAN NOFlCv ALL NODAL RESOONSES "AVE BEEN DETERMINED TMOT 245

IF (N.LE.HOFNQI GO TO 11 THPT 206
o TMPT 207
C FOR EACH TIME IN T SEY TOTAL PRESSURE EQUAL TO SUN OF MODAL PRESURES TNPT 208

00 60 1TxlsL TMPT 209
dO93 N 2 ,MOFNO TNPT 210

* 53 TOTINTEIT) a TCTINT(IT) + TKINT(KIT) ..- T"PT 211
IF(IOPToEQ. III GO TO 55 T"PT 212

TNfopt 213
C WRITE TIME ANO CORRESPONDING TOTAL ACOUSTIC RESPONSE (CYNES/Ch**2) TNPT 214

WRITE (6,54) T(tI,)TOTINT(IT) TPIPT 215
5'. FORMAT (IN ,49XF9s1,2OX#F12o2) TNPT 216
WHN THPT 217

C WHNIOPT.EO*12 ONLY TOTAL RESPONSE IS PRINTED TMPT 218
IF CIOPToEQo!Zl GO TO 59 ***____ . TMPT 219

6TMPT 220
C WHEN IOPToEO.12. ALL MOCAL RESPOt4SES ARE ALSO PRINTED TNPT 221

55 MN a MIND (.OFND*5) TNPT 222
WRITE (6,57) I7TTIT),TCTINT(IT),(TNINTINIT),NslMM) TMPT 223

5? FORMAT (iN .4,-,'1OXFS15SX.FLZ4%XF2494XoCF12e494X*F2'. TNpr 22'.
* I '.X9F12.4v4XF!.2.4) .... .T"PT 225
59 C04TINUE .TMPT 226
60 CONTINUE -.--. THPT 22?

IF (MOFNO %LEo 5 *OP. ZOPT eNE. 12. 1 Go TO 65 .- TMPT 228
WRITE (6,6l) .. THPT 229

61 FORMAT (1HOe0X,4HTINE,12X,5NTOTAL,11X.6HNO0E 6.vI0X,6HMOOE 7,1OXv TNPT 230
GM6MOOE $,1OXEHNOOE 99LOXOTHMOCE Lalft TMOT 231

00 63 ITZ1,L TP 3
63 WRITE (6,571 ITT(IT),TOTIHT(1T3,(TNlNT(NvEL. NzS.N0R40) THPT 233

C TMPT 234.
65 CONTINUE' -.- -- - -TMPT 235
66 CALL CLOT(2.,.3,-3) Tmpr 236

C SIZE IS THE NUPeER OF SECONDS PER INCH IN THEPLar T"PT 237
* SIZE a fT(L)-TtlI/600. TNPT 238

IF (ZOOT.LE.10) GO TO 107 'TMPr 239
CALL SCALEfTortINY.3.0vLql) TMST 240

C AFTER SCALE OETU4NS, TCIINT(L41) IS THE PINLRUN VALUE OF THE TMPT 241
C FIRST L VALUES. TNPr 242
C TOTINTCL4Z) IS (lAX-MIN)/3.0 OF THE FIRST L VALUES OF TOTINT THPT 24.3
C UMIN IS MAX-MN CF TOTINT TNPT 28.'4

UNt NxT 0T INT (L +2*3 .0 TmPT 245
UMIN 2 AINTtI)MIytl/23) Is25.0 TNPT 246
U"IN2AMAX1(U1IN,25.) TMPT 247

C AT THIS POINIT OY IS THE TOTAL RAN~GE IN TOTINT M0025 TNPT 248
DY a ASS(UtN .. m. * TNPT 28.9
TOTII.TCL42)=OYj'3.0 T"PT 250
0VUOY13.O........................ THPT 251

C THPT 252
C IF IOPToEQ.12 OLOT ONLY THE TOTAL ACCUSTIC RESPONSE THPT 253

IF (IOPT*El*12) GO TO 70 THPT 254
C -TNPT 255
C DRAW PRESSURE AXIS TMPT 256
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CALL PLOT(O.,0.,3) ?NPT 25?
ABC M OFNO TMP1 258
CALL .PLOT(ABC90*,2) TNPT 259
00 69 N=l.MDFNO THIPT 260
00 7l J=IsL TIP*T 261

67 Y(JI x -1 4 TNINT(N.J) TMPT 262
68 CALL 0LOT(le,0.,-31 TMPT 263

C TMPT 2614
JC*PLOT ACOUSTIC RESPONSE (CYINES/CM**21 OF lPOOE N VERSUS TIME (SEC) TMPT 265

Y(L*11 0*0 TmPT 266
Y(Lf21=TOTINT(L+2 - TNPT 267
T(L#I)*T(1) THPT 268
TCL+2126009 TM .VP? 269

69 CALL LINE(Y*TL.1,0,O) TMP? 270
C YIP? 271

TO00.73 J1LTHPT 272
73 1(1) a (-I) *TOTINT(J) TMPT 273

C TM - 27'.
C DRAW PRESSUJRE AXIS............................VP? 275

75CALL 9LO1'(0.,0. ,3) TMPT 276
CALL PLOT(3.,0.,2) .. . . . . .. . . . TPT 27?
CALL PLOT(I.590*9-3) yelP? 278

*CALL NU~eER..9,-.I5*.15OY*I80.9O) .. VP? 279
CALL SYHOOL(.'.,-.-59.159"MICROBARS PER INCHN,180*,18) TMPT 2a0
CALL AXISC1.590.." "t1,SIZE,90.,T(l),600.1 TMP? 281
CALL SYt1q0L(1.8,2*.5,"*TIME (SEC)',99G.10) VIP? 282
Y(L411ZO.o . .*. --. T. -VPT 283
YCL.2)xTOT!NT(L+2) TNPT 284.

T(L*2)2600D YlPT 286
CALL LINE(Y9rL*1,0v0) .T*. _______MVPT 287
CALL PLOT(Sot-.3,-31 )P 288

--.GO TO 200, -. T VP? 289
C IMPT 2qa
C PRINT HISTORY OF MccE rOPT CNLY T . .. MP? 291

101 WRITE (69102) loPT TMPT 292
102 FORMAT c1H1,9.5Xvl9H4?AeULATICN OF MODE i12, 9H RESOONSE///IH ,d.8X, TMP? 293

1. 10HTIME tSEC~vqXL5HF 4DYNESIC"442111) TMPT 294
00 103 IT'41*L VIP? 295

103 WRITE (69104.) TflT)9TNIN?(IO0TIT) TIPT 2%6
104 FORMAT (IN ,49X9FPo9.1.0XvF2.4) -. . . ... MP? 29?

GO TO 66 TMPT 298
IFC0.T1 LTO~YACSI EPNZO o~re TMPT 299

C I OTLT 1POONACSICREPNEO'M- CrT"P? 300
107 00 10d J=IL . . .TIMPT 301
108 Y(J)z(-1IJTNINT(rOPT9J) TM'? 302

C . VPT 303
C DETER~MIN~E SCALE FOR PRESSURE AXIS WHEN rOPT.LT.11 TMPT '104

III CALL SCALE(Y,2.C*Lt1) T"PT 305
UMIN=Y(L+2) *Z.0 TMPT 306
UMINAIh('Jml~l/25)*25%0 TNP? 307
UNINZAMAXI(UHIN925.) TIIPT 308
DY:AciS UMItiC TMpY 309
Y(L.2120Y/2*0 IMPi 310
DysOY/2.c hIP? 311
GO T0 ?5 TMPT 312

C TMPT 313
200 RETURN THIPT .314.

ENO TMPt 315
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SUSROUTTNE'TCTINT(OMEGAAKXAKYITLXINTtPHZIPH"12" TOTINT 1
C SUSPCT (SU3ROUTINE) 7119/6 LAST CARO IN DECK IS TOTINT 2
C TOTINT 3
C TOTINT 4
C ---- ADSTRACT---- . OTNT 5
C TOTINT 6
C TITLE - SUSPCT TOTINT 7
C EVALUATION CF SUSPICICN INDEX OF ELEMENT (NN) OF MATRIX INHO0 TOTrNT a
C TOTINT 9
C SUSPCT EVALUATES THE SUSPICION INDEX, ISUS. OF THE ELE14E TOTINT 10
C IN ROW N, COLUPN M OF TI'E MATtIX INMODE ( (NM) MUST BE TOTINT it
C AN INTERIOR ELEPENT). THE NEIG~nORS OF (N*P) ARE CEFINE TOTINT 12
C TO PC THE EIGHT ELEMENTS WHIC4 FORM THE THREE eY THREE TOTINT 13
C - ELEMENT SQUARE 6HIP- HAS (NM) AT ITS CENTER. THEY ARE TOTINT 14
C NUMBERED FROM ONE TO NIKE 9BEGINNNG IN THE UFVER LEFT AN TOTINT 15
.C PROCEEDING CLCC(WISE (KC. I AUG NO. q ARE SAME ELEPENT), TOTINT 16
C EACH ELEMENT OF maTrX INMOOE MUST HAVE ONE OF THQEE TOTINT 17
. VALUES* -1. It OR S. (NM) IS NOT SUSPICIOUS ANO IS JS s TOTINT is
C 0 IF ANY ONE OF THE FOLLOWING CONDITIONS HOLDS* TOTINT 19
c . TOTZNT 21C 1" ELEMENT (?aM) 2 5 TOTINT 21
C • .... ANY CF ITS NEIGHORS T 5 TOTINT 22

C 3. NOWbEqE IN THE 3X3 ARRAY OF (NM) AND ITS NEIGH TOTINT 23
C C ....... .. ORS COES T4ERE ACCEAR TO BE A DISPERSION CURVE TOTINT 24
c WITH POSITIVE SLOPE TOTINT 25
c TOTINT 26
C OTHERWISE ISUS IS SET ECUAL TO THE NOMBER OF THE )UAnRAN TOTINT 27
C . . IN WHICH THE FCSITzVE SLOPE A-PEARS. THE QUAORANTS ARE TOTINT 28
C NUMBEREC BEGINNING IN THE UPPER LEFT ANC FROCEDING CLOCK TOTINT 29
C ... WISE. .. TOTINT 30
c TOTINT 31
C LANGUAGE. - FORTRAN IV (360, REFERENCE MANUAL C28-6515-4) TOTINT 32
C TOTINT 33
..C UTHORS - AOsPIERCE ANC J.POSEY, M.I.T.. JUNE.1968 TOTINT 34
C TOTINT 35
C ---- USAGE---- . .3...... .. TOTEMT 36
C TOTINT 37
C NO FORTRAN SUBROUTINES ARE CALLEC . . ".TOTINT 38
C TOTINT 39
C FORTRAN USAGE .TOTINT 40
C CALL SUS6CT(NNKROIMOOEISISl TOTINT .1
C .. .. TOTINT 42
C INPUTS TOTINT 43
C .. TOTZNT 44
C N ROW NUMeER OF ELEMENT UNDER CONSIDERATION (PfY NOT eS TOTINT h
. 1- . FIRST OR LAST ROW) TOTINT 46
C TOTINT 47
C N COLUMN NUNeER OF ELEMENT UNDER CONSIOERATON (MAY NOT BE TOTINT 48
C Is' FIRST OR LAST COLUMN) TOTINT 4q
C . ... TOTZNT so
C NROW TOTAL NUMBER OF ROWS IN INMOOE TOTINT 51
C 1*4 TOTINT 52
C TOTINT 53
C ZNNOOE MATRIX UNDEP CCNSIOERATTON STORED rN VECTOR FURMP COLUMN TOTINT 54
C •*4(O) AFTER COLUMN. EACH ELEMENT MUST BE -to to OR St TOTINT 55
C ..... TOTINT 56
C OUTPUTS TOTINT S7
C TOTINT s8
C ESUS SUSPI' N INDEX Of ELEMENT (N.N), SEE ABSTRIACT' ABOVE FO TOTNT 59
C. I 4% OEFI ION. TOTINT 60
C TOTINT 61
C TOTINT 62
C ---- EXAMPLES---- TOTINT 63
C TOTINT 64
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PRORAMTOTINT 65

CCALLING PORMTOTUNT 66
C TOTINT 67
C DIMENSION INHOCE (9) OIT 6

71C INNODE v * -t -1 It It -19 19 1* TOTINT 6q
C CALL SUSFCT(2,293,INhCGE4ISUS)TOIT 

7

C NRITC (69200) ISSTOTINT 
?1

C 200 FORMAT (1014 EXAMCLE Ivaxv 6I4ISUS 9912) OI i

C INHOOE -1. -1, Is 1. -11 -19 I 1 1 TOTIWT 72

C CALL SUSOCT(2,2939IN?1OCISUSl 
TOTINT 73

C WRITE (6,300) ISUS TOTINT 7'.

C 300 FORMAT (LOH4 EXAMOLE 29GX9 6041SUS 2,12) TOTINT is

-- C. ENO TOTIKT 76

C 
MOINT 77

C THPT (SUBROUTINES ?119/68 TOTINT 78

C 
TOTI?4T 79

CTOTINT 80

C --- ABSTRACT--- TOTINT at

c 
. .IN 82

C TITLE ?HO 
ToN.T

C . .CALCULATION AND PLOTTING OF FAR-FIELO TRANSIENT RESPONSE TO A TOTINT a4.

C PRESSURZ SOUPCE IN THE ATMOSPHERE TOTINT as

ATOTINT 86

C T14E RESPONSE CF MODE N IS FOUND BY INTEGRATING IAMPLTO 4 TOTINT a?

C COS( OMEGA 4 IT - P/'VF1 4 ASO) OVER OM~EGA FROM OM*'O0 TOTINT as

C 4KST(k)) TO OPOtKFIKfK)) ANI DIVIDING BY St)RT(Q). VP. TOTINT 89

.C. ~ ~~1PAS0. AND APFLTO APE FUNCTIOSOF ONNAOOEG. TTTIT 9

C TOTAL PESPOtNSE IS THE SUM OF THE MODAL RESPONSES* THE rOTINT 9t

C REcSPONSr IS C4LCULATEL FOR TIIE TFIRST ANO AT INTERVALS TOTINT 92

C OF 0cLTT THEREAFTER UNTIL TENDO IS REACHED. THE VALUE OF TOTINT 93

C_' t OPT OETEP.MXNES WHAT WILL 9-C CALCULATED, POINTED AMC TOT!NT 94.

C PLOTTED. (SEE INFUT LIST FOR POSSIBLE IOPT VALUES.) THE TOTIKT 95

C... RESULTS ARE TteULATEO IN THE PRINTOUT Ak.O GRAOHEO BY THE TOTixr 96

C *CALCOMP PLOTTER, TOTINT 97

C... 
TOTrNT 90

C T4E CURRENT VEQSION OF THIS SURROUTINE DIFFERS FRO" THAT 
TOTINT 99

C REPORTEC IN AFCRL-70-0134. IN THAT THE RESULTING T4ECRETI TOTisT 1o0

C CAL PRESSURE FE=QTUPBATICNS INCLUDE THlE EARTH CURVATURE TOTINT lo01

C * CORRECTION FACtC.R. I ROBS I RE 4 SI;(RO9S/RE) 1 1--0.5 TOTINT 102

C 
TOTINT 103

C LANGUAGE - FORTRAN IV (360, REFEQEWCE MANUAL C23-6515-.) TOTINT IC'.

C AUTHOR - J.W.POSEY9 M.I.To. JUNEv1963 ToTIN Los

C .... TOTINT 106

C. 
TOTINT 107

C -- UA---.TOTINT 108

C 
TOTtNT 109

C .FRRN URUIEAK! IS CALLED . .. TOTINT 110

c 
TOrINT III

C CALCOMO PLOTTER SUBROUTINES FLOTI. AXISI. NUM9RI. SYIMBL5. A14C TOTINT 112

C SCLGPH APE CALLEO TO WaITE T4_2 CALCOMP TAPE* SUeROUTINE NEWfLT TOTINT 113

C "UST HAVE BEEN CALLEC FRIOR TO CALLING TIIPT, AND ENOFLT M~UST BE TOTINT 114.

C CALL~iO AFTER RETURNING FROM TMOT. (SEE MAIN PROGRAM) TOTINT It.s

C . - orrmt 116

C FORTRAN USAGE 
TOTIiT It17

C CALL TMTTIStEVCLTRSDF0K~KI*MC#POtML TOTINT I18

C I *PHASOIOPT) TOTINT 119

C . . *. .* 
TOTINT 120

C INPUTS 
TOTIF4T 121

C 
TarrNT 122

C TFIRST TIME AT WHICH TASULATICN AMC PLOTTING OF RESPONSE IS TO TOTINT 123

C R*I. BEGIN (SEC) ... TOTINT 124.IlC TOTINT 125
C TEND TIME AT WHICH TADULATICN ANC PLOTTING OF RESPONSE is TO TOtINT 126

C TOTINT tSUBROUTINE) 7/2/68 LAST CARO IN DECK IS TOTINT 127

C 
TOTINT 126
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--Ic C --ABSTRACT----...................TOTINT 129
C ...- TOTINT 130
C TITLE *TOTINT TOTINT 131
c THIS SURROUT INE COPPUTES T.4E TOTAL INTEGRAL TOTINT 132
C TOTINT 133
o XINT aINTEGRAL OVER Z FROM 0 TO INFINITY OF *TOTINT 134
c TOTINT 035
C A3(Zlv(AI(Z)%FI(Z) 4 A2fZl*F2(Zl)'2 (I TOTINT 135
c TOTINT 137
c THE ATMOSPHERE IS ASSUMIED TO 3E REP.RESENTED IN A PULTILAYER FO TOTINT 138
C WITH AI*A2, AND A3 CONSIANT IN EACH LAYER. THE INTEGPAL IS TOtINT 139

cEVALUATED AS A SUP' OF INTEGRALS OVER INOIVIOUAL LAYERS. TOTINT 140'
c TOTINT 141
C THE FUNCTIONS FI(Z) AN3 F2(Z) ARS CONTINUOUS ACROSS LAYER TOTINT 142
C BOUNDARIES AND SATISFY THE RESIDUAL EQUATIONS TOTINT 143
C TOTINT 144
c . FI(Z)/OZ 's AC1.1)1F(Z1 + At.,2)*F2tZ) t2 TOTINT 145
C 0F21Z)/DZ zA(291)*FICZ) + A(2vZ)*F2(Z) .(2 TOTINT 146
c TOTINT 147
o WHERE T4= ELEMENTS CF THE MATRIX A (COMPUTED 2Y SUBROUTINE AAA TOTINT 148
C ARE CONSTANT IN EACH LAYER. TorINT 149

cTOTINT 150
C; THE FUNCTIONS F1(Z) AND F2(Z) ARE ASSUMED TO SATISFY THE UPPER TOTINT 151
C......83NARY CONOITION THAT !!OTH CECREISE EXPONENTIALLY WITH TTN 5
C IN4CREASING weIGHT IN T4S tPFER HALFSPACE. THE NORPALIZATION TOTINT 153
C OF THE FUNCTICNS IS SUCH T4AT AT THE LOWER SOUNOARY ZO OF THE TOTINT 154
C UPPER NALFSPACE TOTINT 155
c TOTINT 156
C Fi(ZO)z -SQRT(G)*A(1,2) (3 TOTINT 157

C-F2(O)z S0.RT(G[*(G4A(1,1))- (3 TOTrNT 158
C .TOTINT 159

* C .---. WIT4 . . ~ . TOtINT 160
C TOTINT 161
C.....~. G a SQRT(A(IqI)*4Z + A(1,2)*A(2,111 0 * TOTINT 162
C TOTINT 163
C ___THE ELEMENTS AtIoJI IN EONS. (3) ANO (4) ARE THOSE APPROORTATE TOTINT 164
C TO THE UPPER HALFSPACE. IF GOOZ IS NEGATIVE, THE PROGRAM TOTINT 165
C RETURNS Lz.1. OTHERWISE IT RETURNS Lml. . TOTINT 166

r.C TOTINT 16?
C PROGRAM NOTES,..- . TOTINT 168
c TOTINT 169
o THE INTEGRATICK OVJER THE UaPER HALVSOACE IS PERFORMED SY TOYINT 170
C CALLING UPINT. THE INTEGRATIONS OVER THE LAYERS OF FINI TOTINT 171

o* THICKNESS ARE CcERFORMED BY CALLING ELINT. TOTINT 172
C TOTINT 173
C.... THE PARAMETERS A1,A29A3 DEPEND IPI GENERAL ON ANGULAR TOTINT 174
C FREQUENCY OVEGA, HORIZONTAL WAVENUMPEP COMPONENTS AKX TOTINT 175
C *AND ANY, SOUKC SPEED C, AND WINC VELOCITY COMPONENTS VX TOTINT 176
C AND VY. THE FORMULAS USE0 APE CONTROLLED BY THE I!4tUT TOTINT It?
C . . PARAMETER IT WHICH IS TRANSMITTED TO SUBROUTINE USEAS. TOTINT 178
C TOTINT 179
C THE PARAMETERS CEFINIPG THE ?IUL.TILAYER ATMOSCHERE ARE TrlrNT 180
C PRESUMEC STOREO IN COftMON TOTENT 181
C T;:Tr Is?:
C LANGUAGE - FOPTRAN IV (360, REFERENCE MANUAL C24-6515-41 rOrtNT 183

C SEE- CALLINTGN NAMOCIE-- TOTINT 189

C DIESO CI(1OO),VXIC1O),VYI(.00),HI(100),P411iO).PHI2(10C) T~N 9
o COMN "AXcitvxI.VYzvhI (THESE MUST GE IN COPMON) TOTINT lQI
C CL fTN(MGgK*KiTLXNiH1PI)TTN 192



C TOTINT 103
o -- EXTERNAL SUBROUTINES REQUJIRED---- TOTINT IS9.
C. MINTM 195
C AAAAMNKP'CAI.SAI.USEAS.LPINTELINr,8998 TOTINT 196
C *TOTINT 197
C AAAA AND ed8a ARE CALLTC BY SLINT. TOTINT 198
C CAI AND. SAr ARE CALLED OY 889. TOTINT 199
C TOTINT MC
C ---- ARGUM4ENT LIST---- lTETNT 201
C TOTINT 202

C OMEGA R*'. NO it4 TOTINT 203
C AXX R*4 NO IMP .. .TaUINT 204
C AKY R'i. NO IMP TOTIN? 205
C IT 1*4 NO INP .* buNT 206
C C I*. No ouT TOTINT 207
C XINT I14 NO OUT TOTINT 20
c PHIL Re'. 100 tNO TOTEM? 209
C P1412 R*4 100 IMP -*.TOTINr 210
C TOTINT 2211
C COMMON STORAGE USED .TOTINT 212
o COMMON IlPAXtCltVXI, lYI*HZ TOTINT 213
C.. . ,. TOTINT 214.
C IMAX 1*4 NO IMP TOTINT 215
C CI R*4 100 INP -. TOTINT 216
C VXI R 4. 100 INO TOTINT 21f
C vT! R 4  100 INP TOTINT 218
C "I Re', 100 INP TaUtNT 219
c TOTINT 220
C ---- INPUTS---- TOaUNT 221
C -. .TOTEM? 222
c OMEGA zANr.VLAq FRE'CUEVCY IN PACIANSISEC TOTINT 223
C AKX RX COMPONENT OF WAVE NUM9ER VECTOR IN KM**(-1I TOTINT 22'.
C * AKY ZY COMPONENT OF WAVE N!JM'3ER VECTOq IN KM**(-Il TOTINT 225
C IT =PARAIIETER TR ANSmITTED TO USEAS GEFiNrNG FUNCTIONAL TOTINT 226
C DEPENDENCE CF A1.42,A! COMPUTED qY USEAS. TOTrM? 227
C P1411(I) xVALL'E OF Fl AT eOTTC4 OF LAYER I TOTINT 228
C P1412I) =VALUE OF FZ AT BOTTC-4 OF LAYER I TOTrNT 229
C I"AX =NUMEER OF ATMOScI4ERIC LAYERS WIT4 FINITE THICKCNESS TOTINT 230
C Cifi) =SOUND SPEEC (M/SEC) IN r-T4 LAYER TOTINT 231.
C VE11!) =x COMPONENT OF wrNC VELOCITY (KM/SEC) IN I-TH LAYER TOTINT 232
C VYUl) zY COMPONENT OF WINC VELCCITY fKMISEC) IN I-TM LAYER TOTINT 233
C HIM(1 - THICKNESS IN KM OF I-TH LAYER TOTIN? 23'.
C TOTINT 235
C ---- OUTPUTS---- . . . . . . . TOTINT 236
C TOTINT 237
C 9*-. 1 OR -1 OEPS'IDING ON W'4ETHER UPOOR eOUNDARY CONCITIO TOTINT 238
C CAN OR CANNOT DE SATISFIED. SEE SUPROUTINE 1I0thT TOTINT 239
C XINT 2INTEGRAL OYdER Z FROM 0 TO INFINITY AS DEFINED IN THE TOTINT 249
C AeSTRACT. TOTINT 24t
C ... ,...TOTIM? 24.2

C TOTINT 243
C.. - -.-- ---- PROGRAM FOLLOWS BELOW---- r. arrmr 24.5

C...........-.-. TOTINT 246
C TftIdNT 24.7
C OEPENSION AND COM4lCN StATErENTS - OTINT 28

D IMENSION ci t.o x ,VX(.ooi vyrI(10oo I (100) vEH(292) TONT 249
DIMENSION QHIllIG3)#FHI2(10O) tOrINT 250
Cuiimot IPAX#CI*VXIvVYI*HI TOTIM? 251

C -. oTNr 252
C COMPUTATION CF CONTP!OUTICS FkOM UPPER HALFSPACE rOTINT 253

JvIMAX4I TOTINT 254.
C:CI(j) TOTINT 255
v~sxI xl~ TOTINT 256
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CALL USEAS(OMEGAAAI(ACY,,V~y,!TA1,A2,A3I TOTINT 258

C TINUES. XINT WILL SUCCESSIV7LY PE0 4ESENT THE VARIOUS SU8TOTALS UN~TIL TOTINT 265
C CONTR!SUtICNS FROM ALL THE LAYERS HAVE eEEN ADDED IN* TOrINT 266

XZNTzA3UINT TOTINT 267.
CTOTINT 263

C START OF 00 LOOP TOTINT 269
00 90 IZ1IHAX TOUINT 270
JsINAX#1-I TOTINT 271

TOTINY 272
C COP4PUTATION CF CONTRIBUTI#% FRC" .3-T" LAYER OF FINITE THICKNHESS* TOTINY 273
C THE CURRENT VALUES Fl ANO F2 REPRESEN~T P3(Z) AND P2(Z) AT TOP OF TOTINT 274
C J-T4 LAYER. TOTINT 275

CoCIf(il TOTIlNT 276
VXSVXt(jl TOUINT 27?
VTUVYI(j)...-. .~*TOTtNT 276
Hu141(J) TOTINT 279
CALL USE*AS(OHEGAAXAKYCVX.VY.ITAl.A2.A3) TOTINT 28
CALL ELINTCOMEGA.AICXAKYCVXVYHP1,FZAIA2,AINTI TOTINT 261

XINTUXINT*ALNT.PA3 .TOTINT 282
CONUAINC l N 2APORAET O F(-)T AE TOTINT 284

C 1 C 2OTTO CFF NCF PPORlT(OTOS)(JI-H AE TOTINT 285
90 72 2 HI2(J) TOTINT 286

9EN OP 00 LP2 TOTINT 28?
C. END OF 00 LOO TOTINT 288

RCTJRNTOT INT 289
ENO TOTINT 29Q
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SUBROUTINE UpINT(O.EA*KXAKYC.VXVYA.A2LFl.P2,UiNT) IJPINTI

C UPINT (SUBROUTINE) 7/25/66 LAST CARD IN DECK IS UPINT 2
C UPINT 3
O . .. ----ABSTRACT----. POINT 4
c UPINT s
.C TITLE -UPINT UPINT 6
c THIS SUBROUTINE CCIPUTES AN IKTEGRAL OF THE PORM UPTIi 7
C UPINT a
C UINT a INTEGRAL CVER Z FROP 20 TO INFINITY OF U.PINT 9
c . UPINT to
c CA1SFICZ) # A2*FZ(Z))**Z (I UPINT 11
c. UPIt4T 12
C THE FUNCTIONS F1(Z) AND F2(Z) ARE THE SOLUTIONS OF THE COUPLED IJPINT 13
c ORDINARY DIFFERENTIAL EQUATIONS . U'INT 14.
c01/2aA*F*A1P .. . . . UOTNT Is

C Ol/Z Al#F +A12FE42UPI?4T 16
c 072/02 = A2IPI1 * A224F2 (2 UPINT I?
C uprHT is
C WHERE THE ELFI'ENTS CF THE MIATRIX A ARE INDEPENDENT OP z, THe upIIit 19
C FUNCT1O4S F1(Z) AND F2(Z) A-E SURJECT TO THE UPPER SOUNDARY 'PT.mT 20
c CONDITION THAT BOTH CECREASE EXPONE4TIALLY WITH INCREASING upTrT 21
*C ALTITUDE* SINCE THE ;ATFIX A IS C0'iPUTEC BY AAAAs INSURING UPMT 22
c A(Z#21v-Af1,1)q BOTH SHOULD VSPT WITH "EIGHT AS EXP(-G(Z-?0)) UPTNT 23
C. WHERE . . ** 24
c UPINT 25
C .6 8 SQRT(Aflv1)4*2#A(1*2)*(l29l)l . 3 UPINT 26
C UPINT 2?
C IT IS ASSUMED G*02 IS PCSITIVE9 OTHERWISE La-1 IS RETURNED* tPINT 28
c UPINT 29
C *THE EXPLICIT FORMS ACOPTED POS Fl, AND F2 WHICH SATISFY (2) ARE UPINT 30
c UPINT 31
C Fl v-SORT(G#Aflv2)0EX(f-G~lZ-ZO)) (S UPINT 32
*c* FZ a SORT (G)l (G.A(1,1i)'EXP(-G'(Z-ZO)I . ( UPINT 33
c . UPINT 3'.
0 THUS UINT IS GIVEN BY 'UPINT 35
C UPINT 36
C URNT *(t-A*A(1,2)4A(GA(l))'S2)/2.O (5 UPINT 37
c UPINT 38
C LANGUAGE - FORTRAN IV (3e0v REFEREKCE MANUAL C22-6515-4) UPNTr 39
C AUTHOR - AeD.PIFRCE, Re!.ITev JULY#1963 UPINT 1.0
C UPINT 4.1
C ~ -- CALLING SEQ2UECE----. UPINT 42
C UPINT 43
C SEE SUaROUTINE TOTINT - IPINT 44
C NO DIMENSION STATEPENTS FECUIRTO UPINT 45
C CALL UPINT(OMGA,AKXAYCVXVYA1A2LF1,F2,UINT) UPINT 46
c UPINT 47
C........ - ---EkTERNAL SU3ROUTINES REQUIREO---- UPINT 48
c UPINT 49
c AAAA .. . ,. . .- UPINT 5o
C UPINT 51
C _ . .. .. -ARGUMENT LIST---- UPINT 52
c UPINT 53
C OMEGA R*4 NO INP UPINT 51b

S AKX R*4 No INS UPINT 55
C AKY q#4 *' NO INP UPINT 56
C C Roof. NO INP UPINT 5?
C WE ., R*4 NO INP UPINT 58
C WY R*4 NO INP UPINT 59
.C Alt R*4 NO IND UPINT 60
C 42 R*4 "D IND LIINT 61
C.. L I". ND OUT UPINT 62
C Fl R04 No our UPINT 63
c F2 ft04 NO out IJPINT 64
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C UINT* R4 NO OUT UPINT 65
c UPINT 66
C NO CO"PON STORAGE USED . UPINT 67

C . -... .. UPINT 68
C ---- INPUTS--- UPINT 69

ANGLARFPEU~NY I RAI~aS/SC .... UPINT 70
CAGUA OMEGAY N ~r4S/ UPINT 71

C AKX 2X COMPONENT OF WAS~ NU1'qER VECTOR IN KM--f-1) u0 INt 72
C AKY uY COMPONENT OF WAVE NU"IER VECTOR IN KM*(f-I UPINT 73
C C =SOUND SPEED IN KI'/SEC UPINT 74
C VT 2XU COMPONENT OF WINC VELOCITY IN KM/SEC tWIN? 75
C WE zx COMPONENT OF WINC VELOCITY IN KM/SEC UPINT 75
C At 2COCFFICIENT OF FiCZ) IN INTEGRANO uprNT 77
c A 2 A..COEFFICIENT OF F2(Z) IN INTEGRANO UPINT 76
C UPINT 79
c.........---- OUTPUTS---- UPINT 8o
C UPINT 82.
C L '1 OF -1 CEPE*NOIKG CS~ N'4THSR UPPER ROUNDARY CONCIrrO t)'IM? 82
C OF FI(Z),pF2iZ) DECREASING EXPONJENTIALLY WIT" INCREAS uprNr 83
c HEIGHT CAN 00R CANNOT BE SATISFIED* It P.EOWESENTS TH~upINr Ni4
C SIGN OF G**2 WHERE G-IS D=FltlEC IN THF ASSTPACTe uoprNT as
C Fl *VALUE OF P1(Z) AT SCTTOM OF HALFSPACE. DEFINED AS 11PINT 66
C -S0QT(G)*A(1,Z) FROM E'Il. (4A19 uprNT 87
C pa 'VALUE OF FZ(Z) AT EOT;' , OF HALFSPACE, DEFINED AS UPrNr 88
C SCP'(G)-(G.AI1.1)) FRail EON. (48) UPINT 89
C UINT zTHE INTEGRAL OFFINEC BY EONS. (1) ANO (5) IN TOE IJPINT 90
C ABSTRACT UPINT qi

-.. '. . . . .. . . . . UPINT 92
C UPINT 93
C . . ----PROGRAM FOLLOWS BEL.OW---- IJPINT 94
C UPINT 95
C. UPINT 96

OTNENSION A(292) UPINr 97
c UPINT 98
C COMPUTATION OF A MATaIX ANO OF XzG4*2 LIINT 99

-CALL AAAA(OM'IEGAAKX.AKYCVX,VY.A)........... U.PINT 100
XZA(l1)#f2tAl1v2)*A(291) UPINT L01

C CHECK ON SIGN OF X................*-- .- UPINT 102
2 IF( X *GT. 0.0 )GO TO 3 UPINT 103

C- .. UPINT 104
C X IS NEGATIVE UPINT 105

La- .. - . .. . *UPINT 106
RETURN UPINT t0?

C CONTINUING FROM 2 WITH X PCSITIVE UPINT 108
3 Lai UPINT 109
GNSQRT(X)...................UPINT 110
CR~aSQRT (G) UPINT lit
Fl*-GRT*A(192)...................- -- UPINT 112
F22GRT(G+A(191)1 UPINT 113

C COMPUTATION CF UINT UPINT 114
UINT(.AIwA(12,A2(GAh1,))).4220 UPINT 115
RETURN . . . . . . . UPINT 116
.ENO UPINT 117
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SUBROUTINE USEAS(OMEGAAKX,AKY,CtVXVYIT,AiA2,*3' USEAS I
C USEAS (SUBROUTINE) 7/25/68 LAST CARO ZN OECK IS USEAS
C USEAS 3
c ---- ABSTRACT~-. USEAS 4
C .. .. ....... IPSEAS S
C TITLE - USEAS USEAS 6
C THE PURPOSE OF THIS SUBROUTINE IS TO COMPUTE THE NUM9eRS Alt A USEAS 7
C ANO A7 WHICH CEFENC ON ANGULAR FREQUENCY OMEGA, HORIZONTAL WAY 1'SEAS 8
C . NUHBER COMPCNENTS A<X AND AKY, THE SOUND SPEED C, AND TN! NO US9AS 9
C SPEED COMPONENTS VX AND VY. THE INTEGER IT DETERMINES WHICH USEAS 10
C. FORIULAS ARE USED FOR Al, A29 AND A3 ACCOR31NG TO THE FOLLOWIN USEAS 11
C TABLE USEAS 12

A C USERS 13
C (IT) (Al) (AZ) (A3 l . USEAS 13€ . ... .. ... . .. . . ... ... .. ... ... .. ... ...*-USEAS 14
C-----------------------------------------------------------------USE AS 15
C 1 1 g 1 USEAS 16

€_Z • 1 . USEAS 17.
C 3 1 0 9ON*(KDOTV)/(CO*2*K) USEAS 18
C ....... ........ ... .... ..-0 UON/C*42 USEAS 19
C 1 VX*BOm/C*2 USEAS 20
C ....... 6 .. 1 0 VY*8OM/C*02 . USEAS 21
C 7 C/C -C K*OMEGA/8OM*3 USEAS 22
C .. .... /C _ -C 10/90%t2 USEAS 23

C 9 G/C -C K**21BOMf3 USEAS 24
C .0.. G/C -C. VX*K**2/BOM*0 3 USEAS 25
C .' 11 G/C -C VY*K**Z/BOCM#3 USEAS 26
C USEAS 2?
C HERE 8OM=OMEGA-KDOTV IS THE DOPPLER SHIFTED ANGULAR FRE'2UENCY* USEAS 28
C KOOTVzAKX*VX+nKY'VY IS T"E DOT 0 PODUCT OF WAVE NUMBER HITH USEAS 29
C THE WIN3 VELOCTTY, AND K:SCPT(AKX**24AKY*#2) IS THE MAGNITUOE USEAS 30
C OF THE WAVE NUMBER VECTOR. THE ACCELERATION OF GRAVITY G Is USEAS 31.
C TAKEN AS .o094 KM/SC*42 IN THE C3MPUTATION, CONFUTED VALUES USEAT 32
C SHOULD OE IN XtMSEC SYSTEP CF UNITS . U.EAS 33
C USERS 3
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL C?-6515.4) USEAS 31
C AUTHOR - A*O.PIERCE9 M.I.T.. JUNS,19638 USERS 36
C USEAS 3F
C ---- CALLING SEQUENCE~--. USEAS T8
C ... ... USEAS 39

C SEE SUMROUTINE TGTUNT USEAS 40
C NC DIMENSION STATEMENTS ARE REQUIRED USEAS 4t
C ITS USEAS uz
C CALL USEAS(OMEGAAKXAKYCvVXVYIT,A1,A2,A3) USEAS 43
C A41A29A3 ARE NOW AVAILAeLE FOR FUTRE COMPUTATIONS USEAS 44
C USEAS 4s
C NO EXTERNAL L13RARY SUOROUTINES ARE QEI1UIREO USEAS 46
C QSEAS 47
C --- ARGUMENT LIST---- USEAS 48
C USEAS 49
C OMEGA R'4 NO INO USEAS 50
C AKX R*4 NO INP USEAS s1
C AKY R*4 NO INP USEAS 52
C C R04 NO IND USEAS 53
C VX . R4 NO INP USEAS 51*
C Vy .*R*. NO INP USLAS 55
C IT I44 NO INO USEAS 56
C At R*4 NO OUT USEAS 57
C AZ R*. NO OUT USEAS so
C A3 R*4 .... NO OUT USEAS 59
C USEAS 60
C NO COMMON STORAGE USED USEAS 61
C USEAS 62
C .... INPUTS---- USEAS 63
C USEAS 64



j -176-

c OMEGA z*ANGULAR FREQUENCY IN RAOISEC UES G
c AKK NX CCHPONENT OF WAVE NUMeER VCTOR IN IM*(-ll USEAS 66

C c wSOU. SPEDI,-.SCUS S 6

C V BY CPNET OF INC VYEOCITYL N AISTRCT ISEAS 7o
C IT sCCKITL PRA CEEDB FOR SLCIO OMULAS ZNE ABTATUSEAS 77
C * PARCEE IZE YFRUA NASTRACT USEAS 72
c USEAS 80
c . * . --. POGRN OLOW BLO --- *. ... USEAS 81
C USEAS 82
C Al . . PR"EE DEF... BY -. PUA IN... As... USEAS 83

C USEAS 6'9

CVAUS USEAS so
*110........- -POGA FOLL-** *-------- ..-- USEAS $I

* ~c . USEAS 88
iF *310.-. - - . . . SEAS 89

ITIc.TEEA!CPET OEE USEAS 906

C 7I VEALUESTR*...~. USEAS 91
tFI Au .GT )60T 0 USEAS F2

C 20. ISEAS as
C IF T IS 2. THES CURET VALE RE 1,0,1~. WECAG 1!FRTT USEAS 90

A1'O*O oEo1 RTR SEAS 91
MIAe2 o21GOTO20 USIZAS 92

cUSEAS 93
C IT IS .2o 2.E WUREN C VLUES SO E CIJNToTE CHO NG UT E RSTP.ENCE tSEAS 99

*20AlVAIXV4AYV USEAS 100
*. A28AAX4+AY' I-.USEAS 101
RETURNEGK UfSEAS 102

TH KSRTKO).c.... USEAS 103
C CURIS ET2 WLES COF A,, AE S UNITLLS FO1 FTUE,1.nC U SEAS 101

III I AK T. 3) GOX TO 300 USEAS 1.04
CUSEAS 106

C IT IS E A AK TO31NY* EDB HNE..USEAS 107
* AXS9QRNAKSC*2@I( USEAS 103

MTRN.............................. USEAS 109
c USSAS 110
C IT IS EQUOR RTR WE SETY A3 TOE VECAUEDAPORAE*O ~4 USEAS 111

3A3zBO"*AIC **2A USEAS 112

-RETUR.N ) ETRN. USEAS 119
IFI E.5)AsXA USEAS li

C IT IS 4 OR LRAGER9 WE SET A3T.AU PRPIT O T USEAS 119
30A~c.009/C . USEAS 12

C TE URE....ALU....F.At.....A2 A .. I AND 0 . USEAS 113
C FI E* )RTR USEAS 122
C MTENL QTT WE NEEZCTEX* N IAA USEAS Li23

MI @E*6 .2yA USEAS 14
MFIT *ET* 75 6R T 700 ETR USEAS 125

cT'- USEAS I26

Als.00MEA9OOI#' USEAS 127

REUR USEAS 128

C H NYQATT ENE EEIN SA SA 2

c - USAS 12
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oUSEAS 129
710 ZV(1! OGT.S) GO TO So0 USEAS 130

C ITwo USEAS 131
A381*0/SOH*62 USERS 132
RETURN USEAS 133

C USEAS 23.
*C FOR 1T29,1O.1 WE NEED THE FACTOR RCSQ/SOPI*43 USEAS 135

600 A32AKSl/POMi**3 USERS 13 6
* IF(!T .EO. 9) U!ETURN USERS 12?

XF(17 oGT9 101 GO T0 1000 USEAS 138
C IraI0 USCAS 139

R3*VX*A3 USEAS 240
RETURN .. . . . . . . . . . . . USEAS 141

C USERS 142
~q IC IT211 (YOU SMOULON-T INPUT IT FOR VALUES OUTSIDE RANGE OF 2 TO It*$ USERS 143

1000 A3xVY#A3 USERS 144
RETURN. UsEAs 145

twoN USERS t46
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SUBROUTINE WIOETN(OMVtINMOOENOMNONPNV.tN,(WTNETK) WtCEN I
C WIDEN (SUBROUTINE) 6/19/66 LAST CARI IN DECK IS WIDEN 2
C WIDEN 3
c WIDEN 4
C *---ABSTRACT---- WIDEN 5

WIOEN 6
C !TTLE - WICEN WICEN 7
C WIOEN MATRIX INMODE BY ADDING KW COLUMNS BETWEEN COLUMNS N1 AN WIDEN S
c NIl1 WIOEN 9
C WIDEN 10
o WIOEN ACOS KH ELEMENTS TO THE VECTOR OF ANGULAR FRECUENC WIDEN 1
C O , CIVIDING THE INTERVAL BETWEEN O'(N11 AND OM(N1ll) I WICEN 12
C KWst EOUAL 'VARiS. FOQ EACH NEW ANGULAR FREGUENCY, A NE't WIDEN 13
C COLUMN IS ACDEC TO THE INMOOE MATRIX (DEFINED IN SUEOOU- WIDEN 1'
C TINE "POUT)* INMOCE IS STORED IN VECTOR FORM* COLUMN AF WIDEN 15
C COLUMN. WIDEN 16
C WIDEN 17
C LANGUAGE .- FORTRAN IV (360o REFERENCE MANUAL C21-6G15-4) WIDEN Is
c WIDEN 19
C AUT40RS AoO.PIERCE ANC J.POSEY9 M.I.T., JIJNE91968 WIDEN 20
C WIDEN 21
CV WIDEN 22
C ---- USAGE---- WICEN 23
c WIDEN 24
C OMVtINMODE MUST BE CIPEWSIONEO IN CALLING PROGRAM WIDEN 25
C THE ONLY SU4ROUTINE CALLED IS NMDFN9 DESCRIBEO ELSEWHERE IN THIS WTOEN 26
C SERIES ......... ....... WIOEN 27
C WICEN 28
C FORTRAN USAGE WIDEN 29
C CALL WTCEN(OM.VINMOOEthDMNOMPONVPNIKKWTHETK) WIDEN 230
C . WIDEN 31
C INIPUTS vIoErf 12
C WIDEN 33
C ON VECTOR WHOSE ELEMENT" ARE THE VALfES OF ANGULAR FRECUENc WIDEN 34
C R41(OS CORRESPONDING TC THE CCLUMNS OF MATRIX INMOOrE (RAD/SEC) WIDEN 35
C wICEN 36
C V VECTOR WHOSE ELEMENTS ARE THE VALUES OF PHASE VE.CCITY WIOE 3?
C R*4 () CORRESPCNDIt. TC THE RCWS OF MATRIX INMODE. (KP/SEC) WIDEN v8
C WIDEN 39
C INHOOE EACH ELEMENT OF THIS PATqIX CORRESPOnS TO A POINT IN TN WIDEN 40
C 1*4(O) FREQUENCY (OH) - PHASE VELOCITY (V) PLANE. IF THE KORMA WT£N (1
C MODE DISPERSICN FUNCTION (FPP FOUND 9Y C.LLING SiJaROUTI WIDEN 42
C . NMOFN) I3 POSITIVE AT THAT POINT. THE ELEPEKT IS +1. IF WIDEN 43
C FOP IS NEGATIVE. THE FLEMENT IS -to IF FPP DOES NOT EXIS WIDEN 44
S.. THE I ELEPENT IS 5. IINMODE IS STORED IN VECTOR FORM, COLU WIDEN 45

c AFTER COLUMN. WIDEN 46
c WICEN 47
C NO" NUMBER OF ELEPENTS IN OP (AND NO. CF COLUMNS IN INMOOE) WIDEN 49
C I'4 WHEN WICCN IS CALLED. WIDEN 49
C NVP NUMBER OF ELEMEhTS IN V (ANO NO. OF ROWS IN INMODCE). WIDEN 50
C 1 . . WID............ .. EN 51
c WIDEN 52

C NI NIJMBE OF INCDOE COLUMN 14MEOIATELY LEFT OF SPACE IN WI WIDEN 53
C 1*4 NEW COLUMNS ARE TO OE ADDED. WIDEN 54
C ...... ... ...... WIDEN 55
C KW WIDEN 56
C 144 NUMBER OF COLUMNS TO BE ADDED TO INHODE. WICEN 57
C WIDEN 58
C THETK PHASE VELCCITY CIRECTICN MEASURED COUNTER-CLOCKWISE FROM WIDEN 5S
C R44 X-AXIS (RADIANS). WIDEN Go
C WIDEN 61
C OUTPUTS WIDEN 62
C WIDEN 63
C THE OUTPUTS ARE NOMP (: hCM + KW THE NEW NUPqER OF ELEMENTS IN 0 WIDEN

fti
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C AND THE NEW NUMSER OF COLUMNS IN INMOOE) AND REVISED VERS1ONS OF 0 WICEN 65
C AND INMOOE, WIDEN 66
C .. ... . .... WIDEN 67
C WIDEN 68
C ---- EXAMPLE---- DEN 69
C WIOEN 70
C SUPPOSE OH 2 1o0,2.0,3.0 AND WICEN IS CALLED WITH KW x 3, ANO Ni : WItEN 71
C 2, THEN UPON RETU;N TO CALLING PQCGRAM, OM a 1,O,2,0,2.25,2.5,2.75 WIDEN 72
c THE NEW ELEMENTS OF OM. WIDEN 74

C WIDEN 75
C WICEN ?6
C ---- PROGRAM FOLLOWS BELOW---- WIDEN 7T
C .O.EN 78c NIWCE" 79

C WIDEN so
C VARIABLE DIMENSIONING , , WIDEN 8t

DIMENSION OM(I),V(1),NMOOE(1) WIOEN 8Z
COMMON IMAXCI(100),VXIC10).VY(IOO),HI(10aJ WIDEN 83

c WICEN 84
C INTERVAL AT WHICH NEW VALUES OF CH ARE BE PLACED BETWEEN OMCN1) ANO KIOEN as
C OM(NlI ) XS OETEQMHNEO WIDEN 86

OELOM2(OM(141+11-CM|N1)).*(KW+I) . WIDEN a?
c WIDEN as

C %O"P IS NUMM E OF ELEMENT IN EXPANOEC 04 W IDEN 69
NOPPSNOM$KW WIOIEN 90

€ Wt0EN 9L

C NSTART IS THE NUMqER OF THE ELEMENT IN THE NEW OH WHICH CORRESPONDS T WICEN 92
C ELEMENT N1*1 IN T4E CLD CM VECTOR WIDEN 93

NSTART2NZ.1+K WIDEN 94
C W;O!N 95
C HOVE ALL ELEMENTS CF OH eEYCKO ELEMENT NI TO THEIR NEW POSITIONS, BEG WIDEN 96
C N, NG WITH THE LAST ELEMENT .. WIDEN 97

00 90 NJ=STARTFOMP MIEN 98
JZNOMP-(NJ-NSTAPT) IE. W N 99
JOLO*J-KW WIDEN 100

c WIDEN 101
C HOVE COLUMN JOLO OF INMODE INTO oOSITION FOR COLUMN J WIDCEN 102

OM(JzOM(JOLO) . : WIDEN 103

O0 90 0x31.VO WIOEN 104
IJX(J-1)*NVPt t2V-IP) + I .. WIOEN 10S
IJOLOZ(JOL-11) -VP+(KVP-IP) + 1 WIOEN 106
INMOOEtIJtzINMCCE(IJOLC0 .. ...... WIDEN 107

90 CONTINUE WIDEN 108
c ........... W. . WICEN 109
C NSTART IS NUMBER OF FIRST NEW COLUMN WIDEN 110

NSTARTvNI41 WIDEN 11
C WICEN 112
C NEN3 IS NUMBER OF LAST NEW COLUMN MWIEN 113

NENO2NIKW WICEN 114
C . .. . "" .._.. 9 115

c V~IDFN i
C N VALUES OF OH ARE ESTAeLISHED WICEN 11e

OMEGAxOMfNi) WIDEN 117

O0 190 J:NSTARTKENO WIDEN 118
OHIJ)2OMEGA * OELO- WIDEN 119
.OMEGA a OM(J) "" WIOTN 120
00"190 1I1,NVP WIDE.. ................ .N 121

C WIDEN 122
C IJ IS NUMSER OF ELEMENT IN VECTOR REPRESENTATION OF INMODE WHICH IS WIDEN 123
C ELEMENT J IN ROW I OF INPOOE WIDEN 12

IJ:(J-I)tNVD l ..... .. WICEN 125
VPHSEZV(I) WICEN 126

C WICEN 127
C CALL-NMOFN TO EVALUATE THE NORMAL MODE DISPERSION FUNCTION (FPO) WIDEN 128
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CALL NNDFN(O#EG8.VPHSETHiETK.LtFFPK) WIDEN 129
C WICEN 130
C IF FPO OOES 1 OT EXIST L - WDOEN 131

IFI L O. -1 1 GO TO 1S0 WIDEN 132
C WIDEN 133
C IF FPP DOES EXIST L V I AKO INVOOd.(fJ) U (FPP/ABS(FPP)) WIOEN 134

INHOOE(1J3 a I WIDEN 135
IF (FPLLE0.0) INNOOE(IJ) x -1 WIDEN 136
GO TO 180 WIDEN 137

150 INMODEI JRS WION 138
180 CONTINUE WIDEN 139
190 .CONTINUZ WIDEN 140

RETURN WIDEN 141
ENO WIOEN 142
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APPENDIX B

SOURCE DECK LISTING OF

AN ALTERNATE VERSION OF SUBROUTINE TABLE

This version of SUBROUTINE TABLE is used, as described in Chapter III

of the present report, to tabulate listings of RII and R versus angular

frequency OMEGA and phase velocity VPHSE which are used in calculating the

parameter a and 0 for the GR0 and GR1 modes which in turn are used in

calculating the values of the imaginary component kI of horizontal wave-

number for these modes at frequencies below cutoff. This version of

TABLE should replace the version in Appendix A when a tabulation of R

and R12 is desired.

0
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SUdROUTINt TABLE(OM1,0M12VIVZNMtNVPTHETKtOMlVtINIODENUPT)
C TAdLk (SUBROUTINE) 7/19/68 LAST CAKU IN DECK IS NO&
C

S.---- AESTRACT----
C

* C TITLE - TABLE
C GENERATION CF SUSPICIUNLESS TABLE OF NORMAL MODE DISPERSION
C FUNCTION SIGNS
C
C TABLE GALLS SUBROUTINE MPOUT TO CONSTRUCT THE MATRIX OF
SNORMAL MODE DISPERSION FUNCTION SIGNS INMODE (STORED IN
C VECTOR FOeM COLUMN AFTER COLUMN) FOR RLGION IN FREQUENCY-
C PHASE VELOCITY PLANE (OM1.LE.OMEGALE.OMz.AND.VL.LE.VP.LE
c eVZlo SUB4OUTINE SU4FCT IS CALLED TC EVALUATE tHE SUSPI-
C ClON INDEX ,ISUS, OF EACH INTERIOR ELEMENT IN THE MATRIX
C . SCANNING FROM LEFT TO RIGHT, TOP TO BOTTOM. IF ISUS ,NEo
C 0 , INMODE IS ALTERED AS FOLLOWS*
C ISUS=l ROW ADDED ABOVE SUSPICIOLS ELEMENT AND COLUMN
C ADDEU TO ITS LEFT
C =Z COLUMN AUCED TO RIGHT OF SUSPICIOUS ELEMENT
c AND ROW ADDED ABOVE IT
C =3 ROW ADDED BELOW. SUSPICIOUS ELEMENT AND COLUMN
C ADDED TO ITS RIGHT
G =4 COLUNN AJUEU TO LEFT OF SUSPICIOUS ELEMENT
C AND ROW ALOED 8LOW IT
C HOWEVERt NEITHER THE NUMBER OF ROWS NVP NOR THE NUMBER OF
C COLUMNS NOM WILL BE INkREASEU BEYOND 100. IF ISUS CALLS
C FCt AN ADDITIONAL ROW WHEN NVP = 100 9 THE MESSAGE
C (NVP = 100 h = XX M = XX) WI1LL BE PRINTED.
C N IS NOW NO. OF SUSPICIOUS ELEMENT. F IS COLUMN NO. IF
C ISUS CALLS FOR AUDITILN OF A COLUMN WHEN NON = 1i0, THE
C MESSAGE (NOM = IGO N = XX M = XX) IS PRINTED.
C WHEN INiO&t HAS BEEN EXPANDED SCANNING IS RESUMEU AT THE
C ELEdlENT IN NEW MATRIX WITH SAME ROW AND COLUMN NOS. AS
C THOSE OF SUaPICIOUS ELEMENT IN OLD'MATRIX. IF NUPT IS
C POSITIVE INMODE WILL EE PRINTED AS IT IS RETURNED FROM
C MPOUI AND IN ITS FINAL FORM.
C
C LANGUAGE - FORTRAN IV (360, REFERENCE MANUAL - C26-651i-4)
C
C AUTHOR - JoH.PCSEY, M.I.T., JUKEt1968~C

' C.

C ---- USAGE----
C
C SUBROUTINES MFCUTtSUSPCtLNGTHNWIDENNMDFN ARE CALLED IN TABLE.
C
C FORTRAN USAGE
C CALL TAdLE(OMItOMZV1,V2,NuHtNVPtTHETKOVItNHODENUPT)
C
C INPUTS
C
C O111 MINIhLM VALUE OF FREOLENCY TO BE CONSIDERED.
C R#4
C OMZ MAX£ILM VALUE OF FREULENY TO BE CONtIIUERED
C R#4

r/
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C Vi MINIMUM VALUE OF PHASE VELOCITY TO BE CONSIOEREO

C VM MAXIMUM VALUE OF PHASE VELOCITY TO BE CONSIOERED
C R*4
C Nom INITIAL NO* OF FREQUENCIES TO BE CONSIDERED
C 1*4

c NVP INITIAL NO. OF PHASE VELOCITIES TO BE CONSIDERED

c T1ETK PHASE VELOCITY DIRECTION (RADIANS)
C R*4

c NOPT PRINT OUT OPTION. IF NOPT = -1, NO PRINT. IF NOPT = it

C 1*4 INMOCE IS PRINTED IN ITS INITIAL FORM (GENERATED BY MPOUT)
C AND IN ITS FINAL FORM,

C OUTPUTS
C
c NOM TOTAL NO. OF FRLQUENCIES CONSIDERED
SC 1*4
C NVP TOTAL NO. OP PHASE VELOCITIES CONSIDERED
C I4
C OM VECTOR WHOSE ELEMENTS ARE THE VALUES OF ANGULAR FREQUENCY
C R*4(0) CORRESPONDING TO THE LOLUMNS OF THE INMODE MATRIX
C
C V VECTOR WHOSE ELEMENTS ARE THE VALUES CF PHASE VELOCITY
C R*4(O) CORRESPONDING TO THE ROWS OF THE INMOGE MATRIX
C
C INMODE EACH ELEME'4T OF THIS 1.ATRIX CORRESPONDS TO A POINT IN THE
C I*4(0) FREQUENCY (OM) - PHASE VELOCITY (V) FLANE. IF THE NORMAL
C MODL CISPERSION FUNCTION (FPP) IS POSITIVE AT TIhAT POINT,
C THE ELEMENT IS +I, IF FPP IS NEGATIVE, THE ELEMENT IS -i,
C IF FPF DOES NOT EXIST, THE ELEMENT IS 5. INMODE HAS NVP
C ROWS AND NOM COLUMNS. MATRIX IS STORED AS A VECTOR,
C COLUMN AFTER COLUMN#
C
C
C ~---EXAMPLE----
C
C LET INMODE = -i5S,5,1,-I,-1,-1,jI,-1,-1,1,1,£
C WITH NOM NVP =4
C ANC OH = 1.0,1*5,2.0,2.5 THETK = 3.14459
C V 1.0,2.0,390,4.0
C (VALUES NOT CORRECT, FOR ILLUSTRATION ONLY)

C THEN THE TABLE WILL BE PRINTED AS FOLLOWS.
C
C VPHASE NORMAL MODE DISPERSION FUNCTION SIGN
C 1.000000 -+++
C 2.00000 X-+*
C 3.00000 X--+
C 400000 X--+
C
C OMEGA 1234
C PHASE VELOCITY DIRECTIOh IS 90,000LEGREES
C
C OMEGA =
C 0.O000E 01 0.15000E O1 0°ZOOOOE 01 0.25000E 01
C
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' C

S...----FROGRAM FOLLCWS BELOW--.
C
C
C

DIMENSION OH(10.|),V(100),INrODE(0000),DORNI100),KORN(100)
DIMENSION PPP(2,21
CUMMON IMAXtCi(IOOt)VXI(GO) ,VYI(iOO),HI(iOO)

C MPOUT IS -CALLED TO PRODUCE INMODE MATRIX AND OM AND V VECTORS.
CALL tiPOUT (OM1O112 I,VZtVzdU~itN PINMODEtOH Vt THETKI

C
C IFLAG = I INDICATES FIRST TIME THROUGH WRITE PROCECURE

IFLAG = 1
C
C INHODE iS PRINTEb IF NOPT IS POSITIVE

IF (NUP'T.GEO) GO TO 123
5 IFLAG = 0

NOPER=O
C 14OPER IS THE NUM3ElR OF EXPANSION OFERATIONS PERFORMED IN THE PRESENT
C SCAN OF THL MATRIX. THUS, NOPER IS THE NUMBER OF SUSPICIOUS POINTS
C FOUND IN THE PRESENT SCAN.
C
C BEGIN SCANNING OF INTERIOR ELEMENTS OF INMODE IN UPPER LEFT CORNER

N 2
H= 2

10 CALL SUSPCT(NHNVPtINMOOEISUS)
C
C POINT (NM) IS SUSFICIOUS IF ISUS.NE.O

IF(ISUSoNE.0) GO TO 60
C
C CHECK FOR END OF RCW

20 IF (HoLT,(NOM-1)) GO TO 30
C
C CHECK FOK LAST ROW

IF (NLTo(NVP-11) GO TO 40
GO TO 121

C
C MOVE ONE COLUMN TO RIGHT

30 H = HtI
GO TO 10

C
C ADVANCE ONE ROW AND START AT COLUMN TWO

40 N N+l
M 2
GO TO 10

C
C CHECK FOR MAXIMUM VALUE OF NVP

30 IF(NVP.LT.1JO) GO TO 62
61 FORMAT (2414 NVF = 100 N ,I3,8H H =913)

WRITE (6,611 NH
GO TO 20

6Z IF(NOM ,LTe 100) GO TO 70
63 FORMAT(Z4HtOM = 100 N=I3, 8H M=013)
64 WRITE(b,63) Ni

GO TO 20
70 IF(IaUS ,NE. 1) GO TO 75
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C
C ADD ROW ABOVE SUSPICIOUS POINT

NI:N-1
C
C ADD A COLUMN TO LEFT OF SUSPICIOUS POINT

M l=. -1
GO TO 100

75 IF(ISUS *NE, 2) GO TO 80
C
C ADD A COLUMN TO RIGHT OF SUSPICIOLS POINT

N1=m
C
£ ADO ROW ABOVE SUSFICIOUS POINT

NI=N-t
GO TO 100

80 IF(ISUS .NEo 3) GO TO 85
C
C AOD A COLUMN TO RIGHT OF SUSPICIOUS POINT

C
C ADD ROW BELOW SUSPICIOUS POINT

N=N
GO TO 100

C
C ADO ROW aELOW SUSPICIOUS POINT

85 NI=N
C
C ADD A COLUMN TO LEFT OF SUSPICIOUS POINT

K1=N-1
100 CONTINUE

CALL LhGTHN(OMV,INMODE, hOMNVFNVPP,N 1,1tTHETK)
CALL WIDEN(O,' iINHODENOMtOMP,NVPP,,t1, iTHETK)
NVP=NVPP
NOM=NO P
NOPER=NOPER1l
GO TO 10

121 CONTINUE
IF(NOFER *GT° 0 .AND. .NVP *LT, 100 .ANDo NON .LTo 100) GO TO 5

C

C O0 NOT PRlNT INMOOE IF NOPT Ib NEGATIVE
IF(NOPT .LT. 0) RETURN

C
C LABELING

122 FORMAT (6H1VPHSE,6X,36HNORMAL NODE DISPERSION FUNCTION SIGN/)
123 WRITE (6,122)

DO 133 Iz1,NVP
DO 128 J=1,NOM
J88=(J-I *NVP+I
J89=INMOD(J8B)-t
IF IJ8g) 126,125,12

124 CONTINUE
' C

C IF IhMODE = 5, DORN 1HXDATA Qi/1HX/

DORN(,) = 01
GO TO 127

125 CONTINUE
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*1 C
C IF INMODE It D3ORN R

DATA 02/1)4+/
OORN(J) =Q2
GO TO 127

126 CONTINUE
c
C IF INMODE -it DORN = 1)-

DATA Q3/IH-/
DORN(J) = 03

127 CONIINUE
128 CONTINUE

C
G PKINT ROW I OF TABLE

WRITE (5,133)VZI),IUON(J), J=iNUM)
130 FORMAT(IH vFd.5v3Xp1OUAi.)
2133 CON4TINUE.

JIt) = 10
00 150 J=19NOM

C
C NUMBER COLUMNS

150 KURN(J) =MOD(J9J10)
WRITE (69213) (KCRN(J)o J=1,t40M)

* 213 FORMAT (bHGOMtEGA,6X,100II)
C
C CONVERT THEYK FROM RADIANS TO DEGREES

X = THETIK*18J/3.14159
WRITE (6,413) X

413 FORMUAT (18 ,12.X,27HPHASE VELCCITY UIRECTION ISsF9.3v
1 SHiJEGREES)
WRITE (6,513)

513 FORMAT ( eHOUMEGA =
C
C LIST VALUES OF OMEGA WHICH CORRESPCND TO COLUMNS CF TABLE

WRITE (6,613) (UM(I),I1,NOM)
613 FORMAT ( 1)4 v5E14*5)

C
C IF SUSPICION ELIMINATION HAS NOT BEEN PERFORMED, 8EGI4 IT AT THIS TIME.

IF(IFLAG.EQ.i) GO TO 5
DCLVP= (V2-VI)/ (NJP-1)
ONEGK=OM1
DELOM=(0M2-0MI) /(NOM-i)
CO 9d6I IAA=1,NCH
WRITE (6,933) CMEGK

933 FORMAT C1H t3X,6HUME:GAvEi4.5)
00 977 JAA=1,NVP
VE=V1* (JA A-I) 'COLVP
AKX=M:GK/VE
AKY=0.*0
CALL RkRR(OMEGK,AKXtAKYRPP,KY)
WRI~r. (6,9441 VE*RPP(II.) kPPC1,2)

944 FORMAT (1)4 tii2.5,6X*EI2.5t3X*El2*5)
977 CONTINUE

OMEGK=OMEGKfOELOM
988 CCNTINUE

RETURN
END


